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Special Article 


CARITAS MEDICI 


WILLIAM BENNETT BEAN, M.D. 
1OWA CITY 


FOREWORD 
This is the text of an address delivered in Oklahoma City, May 1, 1953, at the installation of 
a chapter of Alpha Omega Alpha of the Medical School of the University of Oklahoma 
The text with subject matter is of urgent importance which unfortunately does not get 
often enough into medical iournals. Every reader will find it charming and thought provoking 


Pau S. Rnoaps, M.D 


Hl OCCASION of the installation of an Alpha Omega Alpha chapter is a 
fitting time to take a broad view of some of the central problems of morals, 
ethics, and humanities in medicine. This honor society, emphasizing scholarship, has 
grown in stature because it recognized students with especially high qualities. It is 
an honor to present this address and | begin it by congratulating your Alma Mater 


on this symbol of excellence and you who have been chosen to uphold what should 


be every physician’s ideal “to be worthy to care for and heal the sick.” 

I}. A dozen themes crossed my mind as possible topics for my talk, and I have 
chosen one made up of Latin words because it not only defines the mores of the 
physician of good will but embodies a rich expression with the savor of the early 
morning dew still upon it. The expression bedside manner, more sinned against than 
sinning, captures some of the meaning. Caritas through vagrant changes gives us 
charity and care and carries implications of love and tenderness and dearness. But 
caritas medici, a physician's caritas, means more. It is that vigilant and humane 
insight and care, compact of wisdom, and spirit, which the doctor owes his patient, 
be it for discipline or sympathy. This concept Irancis Peabody epitomized beau 
tifully for us in his statement that “The secret of the care of the patient is in caring 
for the patient.” 

I1f. One of the rare major intellects modern medicine has produced, Wilfred 
Trotter, has given me a theme. He says: 

The passage of time has tended more and more to clear up these lingering confusions of an 
anthropocentric biology, and tkought is gradually gaining courage to explore, not merely the 
body of man but his mind and his moral capacities, in the knowledge that these are not meaning 
less intrusions into an otherwise orderly world, but are partakers in him and his history just 
as are his vermiform appendix and his stomach, and are elements in the complex structure of 
the universe as respectably established there, and as racy of that soil as the oldest saurian or 


the newest gas. 
I 
From the Department of Internal Medicine of the College of Medicine, State University 


of Iowa. 
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IV. The capacity to offer criticism and the willingness, one might say the 
temerity, has become increasingly rare in our age of conformity. I say as did Lord 
Bacon in his preface to “The Elements of the Common Laws in England” that 
1 hold every man a debtor to his profession, from the whick as men of course do seek to receive 
countenance and profit, so ought they of duty to endeavor themselves, by way of amends, to be 
a help and ornament thereunto. This is performed, in some degree by the honest and liberal 
practice of a profession; when men shall carry a respect not to descend into any course that 1s 
corrupt and unworthy thereof; and preserve themselves free from the abuses wherewith the 
same profession is noted to be infected. But much more is this performed, if a man be able to 
visit and strengthen the roots and foundation of the science itself, thereby not only gracing it in 


reputation and dignity but also amplifying it in profession and substance. 


V. For those whose cortex is not congealed (and in these humoral days I must 
specify cerebral, not adrenal cortex), there is fascination in speculating about what 
future medical historians, say 50 or even 500 years from now, will think of us. Each 
age mercifully thinks of itself as being the best and by definition is the most modern 
and contemporary. Without being morbid or melodramatic I will point to certain 
features of modern medicine which should be of special concern to you who by 
natural endowment or hard work have demonstrated qualities of scholarship and 
leadership. Physicians as a group are no longer distinguished for their contributions 
to or knowledge of humane letters. The curious concentration upon accumulating 
data, the mesmerization in developing techniques, the hypnosis of applying tests, 
have all inevitably tended to separate the individual physician further and further 
from contact with the patient. In any art or craft the nearness of the artisan and 
material is measure of its validity, and in the art of medicine this nearness of patient 
and physician must be maintained in spirit as well as in substance. Moral values, 
historically the binding link between the good physician and his patient, have been 
relegated to a corner or thrown bodily out the door at no little hurt to the proper 
aim of medicine. 

VI. If sudden catastrophe comes and puts an end to our modern society without 
quite extinguishing it, who will be the Hippocrates or the Galen of the ensuing 
dreary ages of darkness? What handful of current medical books would you select 
to dominate by dogma a future when advance is frozen? Or perhaps will the future 
hold that these, our times, are themselves veritable dark ages, that the concentration 
on fact and method of the modern conveyor-belt practice of medicine has so deperson 
alized us that we are not even as humane physicians as were the barber-surgeons 
of by gone day s? 


VII. I hold as first premise that physicians and most members of our con 


temporary professions, by forsaking humanism and the feeling for continuity with 


history, have debased themselves to the role of technicians in a trade school age. 
ven without religion and the spirit of wonder which we too often dismiss with 
childhood, human nature escapes the raw crassness of a molecular vision of man and 
life if it is imbued with historic sense and humanistic spirit. Secondly, if we have 
not some creed and acceptance without proof every man is slave to his own intellect. 
He cannot honestly venture beyond the near reefs of what he himself has proved. 


Whatever the individual brilliance and talents, the life of man is bounded by 
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pressures and time which do not much exceed the [’salmist’s three score years and 
ten. If modern man must build his own tower, unaided by the past, small wonder 
that it is often a tower of Babel. We must all take what good and what solace we 


can from the vast concourse of history to avoid incessant repetition of error long 


exposed and participation in futile races already lost. Thirdly, | submit that morals 


and manners are different expressions of the same principle, a principle which 
though it may not thrive on a base of history and humanism cannot come into being 
without them. The present-day physician by his training in the laboratory and his 
devotion to the totems of a “scientific” age risks losing contact with the histori 
role of the physician. In the rush of everyday work his manners have vamished and 
he is made uneasy by a dim but haunting consciousness of a want of moral force 
or moral standards. 

VIII. Let us without fear or favor look back at the training of the medical 
student of today. His preliminary learning at home, whatever it may have been, 
certainly did not include cultivation of a knowledge of the classics. Very probably 
there was no deep spiritual force. The standard education of the grammar school 
and the high school or prep school stressed in the great current American tradition 
sports, teamwork, cooperation. He did not get rigorous discipline in any field 
Compare the education of the founding fathers of the republic whose training was 
designed to fit them for active participation in the society of the day, traming in the 
art and science of thinking rather than the squirrel-like activity of accumulating vast 
quantities of facts. Graduation implied mastering the three elements of the trivium, 
grammar, logic, and rhetoric, and the four elements of the quadrivium, the four 
liberal arts, music, astronomy, arithmetic, and geometry. Their mastery was tested 
by the defense of a proposition or thesis against any and all comers. Think how far 
we have fallen from the aims expressed some 200 years ago about just one of the 
aspects, namely, competence in rhetoric, which included 
teaching us how to elevate our wisdom in the most amiable and inviting garb and to give life and 
spirit to our ideas and to make our knowledge of the greatest benefit to ourselves and other 
and lastly, how to enjoy those pure intellectual pleasures resulting from a just taste for polite 
letters, a true relish for the sprightly wit, the rich faney, the noble pathos and the marvelou 


sublime shining forth in the works of the most celebrated poets, philosophers, historians and 


orators with beauties ever pleasing, ever ne 


And what does the college training, the preprofessional experience of the physician 
of today include? A vast concentration on the sciences, chemical, physical, mathe 

matical, biological, with a minimum of anything that could be included under the 
ancient trivium and quadrivium. In fact, where these arts stand today is exquisitely 
illustrated by the scorn we have cast on the word trivium by our own trivial. Then 
the training in medical school with its initial emphasis on the basic sciences delays 
cultural growth by not approaching any preclinical field as a science in its own right 
but merely as applied to the future training in the medical school. Finally, by the 
time the undergraduate medical student arrives at the bedside it is no wonder that 
he experiences great difficulty in thinking of the sick patient as a person at all instead 
of the cumbersome vehicle of marvelous Jesions and curious processes or as a 
psychosomatic complex Medical school training could scarcely be less conducive 


to the one possible salvation at this stage; namely, a true interest in medical histor: 
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IX. And now you are come to the time of graduate training, the internship, 
the residency, and, for some, fellowships, research, teaching, and for all the final 
incarceration in the minutiae of practice or administration. What chance is there for 
you today in our system of collectivist training when we are enthralled by one of 
the unhappy aspects of our aging and security-minded society, namely the influence 
of the specialty boards on graduate medical training. My views are sufficiently well 
known to this audience not to need further elaboration. Therefore I merely comment 
that it is sad enough to be confined in the miserable cage of conformity but doubly 
sad that so many are in love with the cage. I for one have not been unmindful of 
Horace’s query, Quis custodes ipsos custodiet, or, to paraphrase in the words of a 
popular song of yesteryear, ““Who’ll take care of the caretaker’s daughter when 
the caretaker’s busy taking care?” 

X. With this background little wonder that there is so much emphasis on money, 
on expensive cars, on a life measured by bank account, television, and a conservative 
view which is retrograde in outlook and stifles with precocious senility. The vapidity 
of medical writing which reflects very little logical or rigorous thought indicates 
that the cultural potential of physicians, instead of leading, has fallen below the 
average. Anyone forced by editorial obligations to read critically many medical 
papers is struck by the singular and consistent absence of form, a vast desert of 
data with the rare oases of prose all too often the dried up water holes of the 
alkali plains. 

XI. And what thesis do I propound from a view of the history of humane letters 
as it bears upon the profession of medicine today? It is simple. It has no sanctions 
beyond some familiarity with the accumulated experience of the past. From the 
Renaissance onward developments in medicine illustrate the extreme difficulty that 
man has always had when accumulations of facts, the raw data of science, so over- 
load the intellect that logic goes flabby from overwork in systematizing knowledge. 
Imagination is shackled, perhaps by fatigue or by not having the time needed for 
meditative gestation. In any event, we have seen the stringency of the austere 
rationalism of the Middle Ages and the old urbanity of Greek rationalism fade out 
before the immnse and monolithic aggregations of contemporary fact. How truthful 
were the words of Artemus Ward—‘The researches of so many eminent scientific 
men have thrown so much darkness upon the subject that if they continue their 
researches we shall soon know nothing.” 

XII. Henry Adams is a good example of the disorder of thought that is 
inevitable with the deep pessimism of a purely material concept of life. To him life 
was the vaguely disturbing hum of a top running down. Compare William James’s 
meditative view of the significance of the second law of thermodynamics. He was 
concerned not so much with the total volume and duration of energy as with its 


distribution and the work it produced. He readily granted that the destination of 


mundane travel might be zero but nonetheless the scenery was magnificent and if 
the ultimate end was extinction the penultimate might be the millennium. 

XIII. Another example of the dilemma of contemporary man in his efforts to 
deal with masses of accumulated data is Selye’s Procrustean endeavor to equate 
disease with stress, for here surely neorationalism has gone soft with a surfeit of 


miscellaneous facts which cannot all be acted upon by intellectual digestive juices 
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and reduced to a final simple concept. Not the least distressing aspect 1s the 
pessimistic implication of the stress thesis ; namely, that life is disease, since existence 
without stress is inconceivable. This implication is none the less gloomy because it 
is so subtle. Is this an unduly somber reading of the contemporary scene? The 
world is about us for those to read who will. 

XIV. The fruitful and great tradition of Western society has been the worth of 
the individual and the freedom of the soul, and our society has drawn strength and 
sustenance from the inner revelations of saint and artist. It will continue at its own 
hazard if it abandons this source of inspiration for external manipulation and purely 
mundane solution of its problems. The great leader whose creative personality trans 
forms and elevates mankind will be increasingly rare in the ordered society we are 
entering with its drastic suppression of everything which tends to escape from the 
dominant norm of its stereotype. Indeed, in such a situation, salvation of the 
individual is replaced by the security and welfare of the collective or common man 
As physicians we risk becoming repair men and mechanics for that bleak abstraction 
“The Common Man,” whom the small-volt engineers serve up to us as an engine 
slightly more complex than their electrical turtle. No hot-brained physicist with 
his transistors and cybernetics is going to hoodoo me out of my mind, such as it ts, 
or, in the words of Walshe, 
interpret for me in terms of microvolts and feed-back mechanisms in the brain, the sonnets ot 
Shakespeare, the Primavera of Botticelli, or the going out to death of Captain Oates in the dar| 
wastes of the Antarctic. There are more things in heaven and earth than are revealed by an 
amplifying valve. 

XV. Primitive man, loaded with taboos, blocked in on all sides by fear and 
superstition, was finally freed by the emergence of intellect and the advance of 
knowledge. Indeed, science itself, by enlarging the scope of human choice, actually 
contributes to human freedom, for no one can choose what he is ignorant of. As 
an example from everyday life, the necessity for obeying traffic regulations is not 
looked upon as a serious loss of freedom because of the great potential which is 
opened up by employing the paraphernalia of an automotive age. [| think the 
prophets of doom have looked too dimly upon the possibilities of human intellect and 
instincts combining for a practical solution of our problems. But it should be 
remembered that intelligence leaves its owner no less impelled by instinct than his 
simpler evolutionary ancestors. It merely enlarges the capacity for varied response. 

XVI. Somewhere between intelligence and instinct we find habit, which is most 
useful because it releases the energy for intellectual exercise from ordinary matters, 
allowing it to concentrate on the exceptional, the novel, and the changed. Instinct 
is the imbedding of such responses within the genetic mechanism that controls 
natural development, but it too, can play a part in liberating the intelligence from 
routine. Therefore, properly adjusted instinct and intelligence may be, and indeed 
must be, harmoniously combined. 


XVII. My plea is that somewhere into a habit pattern we put good manners and 


morals, that we recognize not only intelligence and emotions, but, | add and | urge 
- Ss 


spirit. 
XVIII. Let me wander off into another bypass for a moment. It is not sur 
prising that devotees of the psychosomatic have not seized upon the innumerable 
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references by perceptive writers of the past to illustrate better than most of them 
do today in what is too often arid and graceless prose the concepts they aim to 
codify into a new branch of medicine? Smollett in his remarkable book, * Humphrey 
Clinker,” has this passage in which Squire Bramble writes to Dr. Lewis, 

I find my spirits and my health affect each other reciprocally—that is to say, everything that 
decomposes my mind, produces a correspondent disorder in my body; and my bodily complaints 
are remarkably mitigated by those considerations that dissipate the clouds of mental chagrin 
The imprisonment of Clinker brought on those symptoms mentioned in my last, and now they 
It must be owned, indeed, I took some of the tincture of ginsing, 


are vanished at his discharge. 
and found it exceedingly grateful to the stomach; but the pain and the sickness continued to 
return, often at short intervals till the anxiety of my mind was entirely removed, and then | 


found myself perfectly at ease. 


XIX. It is curious and disheartening how we have neglected spirit as well as 
literature all these years. The melancholy absence of spirit from much psychosomatic 


emphasis today merely exemplifies a general trend. It is tragic that in some places 
- P i Ss 


the psychosomatic school, with such potential for good, should have been developed 
and popularized so much by the nonhumanistic scientist rather than have arisen from 
a view of the patient which included spirit with mind and body. When medicine 
was split off from the church, duplicating the old cleavage of physician from priest, 
the apothecary surgeon had in his care the mind and body. The parson or priest 
was left with care of the soul, and his employment was contingent on failure of 
the physician. The strange controversy of science versus religion added injury—as 
though music was to be judged by the tone deaf or painting by the color blind. The 
low place accorded to the spirit today is measure of our perverse inability to deal 
with nonmaterial, nonobjective phases of existence, perhaps a reversion to the con- 
ceptual level of matter rather than energy. 

XX. As a foremost attribute of spirit | reckon morals and the practical every- 
day correlate manners. In its simplest aspect physicians encounter it in relations 
and interrelations with patients. The teacher-student association should sustain the 
same pattern and ideally so should the investigator-subject relation. With so much 
science we have tended to relegate the practical arts of medicine to the lowest place 
on the totem pole. These arts represent a traditional and special body of common 
sense knowledge in action. As knowledge expands, the general principles governing 
these arts may emerge and slowly the arts become transformed into applied science. 
Until this happens their employment is critically necessary. This involves certain 
intellectual arts. They demand special mental aptitudes, the fruit of training and 
experience, which show up in the fine clinician as in a connoisseur and in the poor 
one as in a dilettante. 

XXI. I will quote now some paragraphs from a convocation talk I gave several 
years ago to medical students. 

Let your concern be for excellence in manners in dealing with colleagues, teachers, friends, 
Undergraduate students have not escaped the corroding blight of modern times 


and patients. 
In the protracted adolescence of 


and modern education, that of unkindliness and selfishness. 
modern society our hunger for pleasure and happiness finds expression in boorishness, vulgarity, 
and petty meanness which is especially distressing and hazardous in professions concerned with 
health. It is disheartening to note man’s inhumanity to man in any place but it is particularly 


so where it affects the sick and the miserable. All too often a doctor, a nurse, an orderly or 
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others caring for the sick exhibit meanness, short temper, or maybe just some trifling lack of 
consideration which may nullify the efforts of brilliant science and technical virtuosity. In man 
ners the simple rule of putting yourself in another's place will indicate what should be done 
Thought and consideration for others will alleviate some of the pains of neurotic preoccupation 
with self which prevails so widely. With the emphasis on considerateness it is even possible that 
politeness may grow into courtesy and courtesy into the dignity and refinement which constitute 
excellence in behavior. 

In the selection and cultivation of your friendships remember that subtle qualities rather than 
superficial ones are of importance. To a surprising degree your friends influence you and mold 
your habits and character. In your associates be content with nothing less than the best. Avoid 
the flashy, the vicious, and the shallow. Good company elevates whether it be in the people you 
associate with or in the books you read. Indifferent company is retarding and dulling. Bad 
company weakens and ultimately cripples. 

Another admonition concerns integrity and intellectual honesty. In professions which depend 
on personal relationships and of course in all others there is no substitute for absolute integrity 
A baneful tendency of some of your education up to now has been that as students you have lined 
up in a hostile and separate camp on the one side, with your teachers and instructors in another, 
and made sport of getting away with what you could in petty deceits. Dishonesty corrodes. You 
cannot compartmentalize its sphere and be honest in all save one or a few sections. In learning 
a profession the substitution of another’s knowledge in default of your own is a malignant deceit 
which may destroy your usefulness because it later endangers those coming to you for help and 
comfort. In the various branches of the medical and health professions those infected with 
dishonesty may survive for a time, but sooner or later the blight will damage others and so 
destroy them. 

Among the many problems which concern us, your fellow students, who by accident of 
chronology happen to be teaching, is the age old problem of the proper balance between education 
in facts and education in methods, between technics and knowledge, between ways and wisdom 
Contrary to what you may suppose, scientific facts are not final and eternal but change with our 
growing understanding. They are knotty difficult things, and all of us at certain stages must 
learn a great many of them by sheer force of memory before we can integrate them into the 


broad pattern of what we are learning. You must never be satisfied with the mere accumulation 


of facts but rather try to get an understanding of their relations one to another. Be concerned 
not only in the acquisition of a storehouse of facts, a knowledge of technics, drugs, and doses, 
but in an appreciation of their true significance as they relate to the various branches of pro 
fessional activity in which you will be engaged. Unless you achieve excellence not only in 
knowledge but in the art and craft of a profession, an integration and synthesizing of your facts, 
it becomes a mere business. The art of what you practice has to do with personal relations, and 
success in such matters depends on high standards of excellence being kept in view at all times. 

How are such standards to be sustained? To recall the aphorism ascribed to Hippocrates, 
“Life is short and art is long, opportunity is brief, experience dubious and judgment difficult.’ 
The time is past when spoon feeding can nourish your minds and give the needed sturdiness to 
the fabric of intellect and character. There is no magic vitamin, no capsule of intellectual chemo 
therapy, which will serve in the place of the one medicine which gives excellence—hard work, 
Dr. William Osler’s master word. Work, he says, is “a little word but fraught with momentous 
sequences if you can but write it on the tablets of your heart and bind it upon your foreheads.” 
And how can work enable you to reach your goals? Most readily by cultivating a system, by 
concentrating and attending. If ever there was a time of scattered attention this is it. Suspended 
by vague ambitions, prodded by anxiety and baffled by frustration, we seem to have lost the 
capacity for sharp and exclusive focus of the attention. Without attention there can be no system, 
and system withers without werk. Remember this, to reach the narrow end of the distribution 
curve which marks excellence, you must have an abiding conviction of the need for hard work 


and the value of system in your work. 


XXII. There can be no real need to lay qualities one against another, a com 


parison of those we should have and those we should suppress. In all our dealings 
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we should be calm, not rough. The patient is by definition sick or thinks he is 
which is the same thing for our purposes. A calm demeanor may help soothe him. 


Quietness and poise instead of confusion and noise, kindness instead of thoughtless- 


ness, patience instead of hurry, thoroughness instead of superficial approach. These 


I think all have their counterpart in morals so that honesty, candor, strength, and 
integrity must dominate the scene. 

XXIII. Somewhere during my brief Army experience in the Pacific, I came 
across a mimeographed sheet of paper with a moving message. The paper, briefly 
read, has disappeared. Neither the source nor the author is known to me, but I 


should like to conclude with the words modified as | remember them. 


Go calmly amid the daily hurly burly. Remember the peace there is in silence. Be on good 
terms with people. Speak your truth quietly and convincingly but listen to others; they have 
their side to tell. Avoid loudness and aggression. Comparisons are to no purpose for there are 
always greater and smaller persons than yourself. Enjoy your plans as well as your achieve 
ments. Keep a vital interest in your own professional life and progress, a real possession in the 
changing fortunes of time. Do not let dishonesty blind you to the fact that virtue exists. Be 
true, be yourself, and be true to yourself. Do not feign love, nor simulate affection. Neither be 
ironic about love. In the face of all disillusionment and disenchantment, it is as perennial as the 
grass. Grow old gracefully surrendering at appropriate times the things of youth. Do not borrow 
trouble with dark imaginings. Be gentle. You are a child of the universe no less than the stars 
and the trees and whether you see it or not no doubt the universe is unfolding as it should. Be 
at peace with God whatever you conceive him to be. In the noisy confusion of life be at peace 


with your soul. 


XXIV. And finally | end with a quotation from Tennyson’s “‘Idylls of the 
King,” which | think might be as profitable reading for many of us as the latest 
installment in the mystery of the isotope. I quote: 


For manners are not idle, but the fruit 
Of loyal nature and of noble mind. 


ACKNOWLEDGMENTS IN LIEU OF BIBLIOGRAPILY 

As the perceptive will see, this paper is derived, and, much more than the quotations indicate, 
it represents the selective quarrying of other men’s minds. That some may be moved to explore 
the easily found sources I am putting down for reference in a sort of skeletal “Road to Xanadu” 
some of the paths which have been followed. To my parents, among innumerable debts, I owe 
the love of reading, a care for fine books, and a fascination with the potential beauties of 
language as a medium for ideas; to my teachers at Episcopal High School, Williams, Reade, 
Hoxton, and others, the first love ot excellence, avidity for knowledge, and the illumination ot 
the classics, and to Barr, Lewis, Metcalf, Luck, Webb, and others at the University of Virginia 
the disciplines of scholarship in a university setting where honor was the theme of our common 
dealings and where Jefferson’s influence was pervasive in much more than just the grace and 
dignity of the beautiful buildings. My medical wayfarings, Virginia, Johns Hopkins, Harvard, 
Cincinnati, and Iowa, of supreme importance, really comprise another story. 

I have numbered the paragraphs in order to avoid chopping up the text with distracting 
reference marks. 

II. This theme was taken from F. M. R. Walshe (Arts of Medicine and Their Future 
[Lloyd-Roberts Lecture], Lancet 2:895, 1951), and some of the words too. His several lucid 
critiques of the contemporary scene, notably his Harveian Oration (1948) and Linacre Lecture 
(1950) have been borrowed from freely. Peabody's thin volume, “The Care of the Patient,” I 
find essential reading at least every year. 
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III. Trotter, in his luminous and sparkling “Collected Papers” and erudite “Instinets of the 


Herd in Peace and War” has combined deep thought with criticism in a wonderfully elegant and 


sharp style. 


IV. Bacon is just as stimulating and pertinent today as when he wrote, and has much 
good advice. 

VIIl. The quotation is from J. J. Walsh’s “Education of the Founding Fathers of th 
Republic.” 

X, XI. Walshe and Charles Singer have contributed thoughts and some of the words 

XII. Recently published letters exchanged by Adams and James develop this theme. 

XIV. The first sentences are almost a quotation from some lost source, and more than the 
quotation marks indicate came from Walshe. 

XV, XVI. Part of this is from the same lost source as XIV. 

XIX. This paragraph owes much to George Day’s 1952 Hunterian Society Oration “P.P.S.” 
but does not exactly fall within quotation marks 

XX. Osler, Singer, Trotter, and, not least, Walshe had a hand in this. 

XXI. In my original convocation talk I acknowledged a debt to Aring and quoted him, but 
when I later reread one of his papers, which I had heard delivered, I realized how much morte 
was inspired by his ideas and words, which in turn had a debt to Daniel Drake, I have a 
treacherous memory which may let go dates and doses but fix leech-like on a paragraph or verse 
In the process of recall the verse gets identified but sentences or paragraphs lose their provenanc: 
and appear unobtrusively in my writing. Such accretions I have tried to recognize, and to this 
end I have made a card file of underlined passages from a wide and various reading which 
now, alas, has grown past my capacity to index it. 

XXIV. Guinevere, from “Idylls of the King.” 

There are influences of Alan Gregg, Mayo Soley, Stanley Dorst, Detley Bronk, and many 
others which involve attitudes more than words. Perhaps critical readers will notify me of hidden 


sources and lost references. 
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IX MISSIONS in the nephrotic phase of glomerulonephritis occur spontaneously 

and may follow intercurrent infections. Blumberg and Cassady ' and Janeway 
and associates * have reported that transient reduction in protein excretion and 
diuresis may follow acquired or induced measles in patients in the nephrotic phase 
of glomerulonephritis. Since remissions might be related either to factors present 
in the plasma of patients with acute infections or to disturbances in renal hemo- 
dynamics which accompany fever,’ we examined the effects of the infusion of 
plasma from patients acutely ill with bacterial infections as well as the effects of 


typhoid vaccine-induced pyrogenic reaction in patients with glomerulonephritis but 


failed to induce a remission.‘ 

Secker © has demonstrated that the administration of methyl-bis (8-chloroethy] ) 
amine hydrochloride (nitrogen mustard) prevents the development of the Shwartz- 
man phenomenon in rabbits. Schwab and associates ° have reported that experi- 
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mental nephritis in rabbits produced by the administration of bovine serum gamma 
globulin can be prevented by nitrogen mustard. Studies by Dammin, Bukantz, and 
\lexander * indicate that nitrogen mustard inhibits antibody production, Arthus 
reaction, and vascular lesions produced by horse serum antigen in rabbits. Good and 
Thomas * found that the hemorrhagic renal necrosis induced in rabbits by Shear’s 
Serratia marcescens endotoxin is prevented by nitrogen mustard. 

On the assumption that human glomerulonephritis 1s the result of tissue alter- 
ations in the kidneys induced by an antigen-antibody complex, we have examined 
the effects of nitrogen mustard on the renal manifestations and natural history of 
the disease. 

METHODS 

Observations were made daily on weight, urine volume, and quantitative protein excretion, 
and at appropriate intervals measurements were made of the rate of glomerular filtration as 
determined by inulin clearance, renal plasma flow as determined by the p-aminohippurate 
clearance, and the maximal tubular excretory capacity for pP-aminohippurate in 10 patients with 
chronic diffuse glomerulonephritis and in 5 patients with acute diffuse glomerulonephritis 

After a suitable control period, one of the nitrogen mustards, methyl-bis ($-chloroethyl) 
amine hydrochloride, was administered intravenously in two doses of 0.2 mg. per kilogram on 
successive or alternate days. Renal clearances were determined if the administration of 
nitrogen mustard was promptly followed by diuresis and/or significant depression of protein 
excretion. Diuresis after nitrogen mustard was defined as 24-hour urine volume for each of 
at least three successive days exceeding the largest 24-hour output during the 14 days immediately 
preceding nitrogen mustard administration. Significant decrease in proteinuria after nitrogen 
mustard was defined as 24-hour protein excretion for each of at least three successive days 
less than the lowest 24-hour protein excretion during the 14 days immediately preceding nitrogen 
mustard administration. An increase or decrease of at least 20% of the control values was 
regarded as a significant change in renal clearance. 

White blood cell counts and peripheral blood smears were obtained on alternate days after 
administration of nitrogen mustard in all patients, and in several instances bone marrow smears 
were examined. Penicillin was administered routinely to all patients, 

Urinary protein was determined by micro-Kjeldahl and biuret * methods, and inulin and 


p-aminohippurate by methods previously described.! 


RESULTS 

Forty-one courses of nitrogen mustard were administered to 10 patients with 
chronic diffuse glomerulonephritis. Significant decrease in 24-hour protein excre 
tion, lasting 3 to 12 days, occurred in 22; diuresis lasting three to eight days 


occurred six times in 21 courses when nitrogen mustard was administered to 


patients with edema. Glomerular filtration rate was measured immediately follow- 


ing 18 courses of nitrogen mustard which were effective either in reducing protein 
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excretion or inducing diuresis; in 5 the filtration rate concomitantly increased, in 
13 the filtration rate was unchanged, and in no instance was there a concomitant 
decrease in the filtration rate. 

Of the 21 courses of nitrogen mustard administered to seven patients with edema, 
concomitant decrease in protein excretion, onset of diuresis, and increased 


glomerular filtration occurred in three. 


Effect of Repeated Administration of Nitrogen Mustard on the Course of Chronic 
Diffuse Glomerulone phritis 


Duration 

Duration of of Treat 

Nephritis * Courses of ment, 
Patient Mo HNe, No Mo Outeome 
JH 13 5 Cured ¢ 
B.D 2 ) 8 ‘ontinued activity 
E. J 324 4 ‘ontinued activity 
8.Z 9 5 7 ‘ontinued activity 
J.-M y ‘ontinued activity 
D. F 
B.T j 3 3 ‘ontinued activity 
D.S Died 
L.G Died 
M. P Died 


‘ontinued activity 


* Duration of disease before administration of nitrogen mustard 
t Patient J. H. was observed for three years after disappearance of all manifestations of renal disease 
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Fig. 1 (J. H.).—Glomerulonephritis of 13 months’ duration in a 16-year-old girl. The effect 
of repeated administration of nitrogen mustard on the nephrotic phase of glomerulonephritis is 
shown. The patient is apparently cured, after three years of observation. 


Two to eight repeated courses of nitrogen mustard were administered to each 
of 10 patients with chronic diffuse glomerulonephritis (Table). One patient appears 
to be cured after a follow-up of three years; three patients died of their renal 
disease ; six patients show evidence of continued activity of their disease. Figure 
1 describes the clinical course of J. H., who is apparently cured. Figure 2 describes 
the clinical course of M. P., whose disease progressed in spite of repeated adminis- 


tration of nitrogen mustard. 
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Fig. 2 (M. P.).—Glomerulonephritis of four months’ duration in a 32-year-old woman 


Repeated administration of nitrogen mustard failed to affect the course of active glomerulo- 
nephritis. Death was due to uremia. 
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Fig. 3 (J. F.).—Acute glomerulonephritis of five days’ duration in a 24-year-old man. The 
effect of nitrogen mustard on the course of acute glomerulonephritis is shown. The patient is 
apparently cured, after 18 months of observation 
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Fig. 4 (J. B.).—Acute glomerulonephritis of 2 weeks’ duration in a 29-year-old man 
Nitrogen mustard failed to affect the course of the disease 
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A single course of nitrogen mustard was administered to each of five patients 
with acute diffuse glomerulonephritis. Significant decrease in protein excretion 
occurred in two; diuresis occurred in the two patients in whom edema was present. 
Glomerular filtration rate was measured during the three courses which were 
effective in either reducing protein excretion or inducing diuresis; in two of these 
the filtration rate concomitantly increased and in one it was unchanged. 

Among the five patients with acute diffuse glomerulonephritis, resolution of the 
nephritis began in one patient 24 hours after the administration of nitrogen mustard 
(hig. 3) and all manifestations of the disease progressively subsided in the follow- 
ing 21 days; in the remaining four patients the course of the disease was not 
influenced by the administration of nitrogen mustard, as represented by patient 
J. B. (Fig. 4). 

COMMENT 

Temporary remission following administration of nitrogen mustard does occur 
in some patients with chronic diffuse glomerulonephritis. In three instances the 
administration of nitrogen mustard was followed by concomitant reduction in 
proteinuria, onset of diuresis, and increase in glomerular filtration, a combination 
of effects which may be interpreted as indicating return of renal function towards 
normal. We have interpreted as evidence of temporary remission induction of one 
or more of these effects. Repeated administration of nitrogen mustard did not 
influence the course of the disease in 9 of the 10 patients. In one patient (J. H.) 


repeated induction of temporary remissions after 13 months of active renal disease 


in the nephrotic stage was followed by cure. Although it appears that nitrogen 
mustard was responsible for the cure, the possibility exists that the temporary and 
apparently beneficial effects were merely superimposed during the course of spon 
taneous cure. The same difficulty of interpretation applies to one patient with acute 
diffuse glomerulonephritis, in whom the remission induced by nitrogen mustard 
progressed to cure. 

The administration of nitrogen mustard was followed acutely by anorexia or 
nausea and vomiting and in some patients by severe bone marrow depression. In 
all patients these adverse effects were reversible as judged by subsequent return 
of the peripheral blood and bone marrow to normal. We have no evidence to 
indicate that nitrogen mustard adversely affected the course of glomerulonephritis 
in the 15 patients observed in this study. 

Nitrogen mustard is of value for the study of experimental glomerulonephritis 
and of the mechanism of remission in human glomerulonephritis. The infrequency 
of therapeutic success in the group of patients observed by us indicates that the use 
of nitrogen mustard as an agent for the routine treatment of human glomerulo- 
nephritis has not been established. 

CONCLUSIONS 

Nitrogen mustard (methyl-brs [B-chloroethyl] amine hydrochloride) — was 
administered to 10 patients with chronic diffuse glomerulonephritis and to 5 
patients in the acute stage of the disease. 

Temporary remission lasting from 3 to 12 days followed 22 of 41 courses of 


nitrogen mustard in patients in the chronic stage. Repeated induction of temporary 
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remissions in one patient after 13 months in the nephrotic phase was followed by 


cure during 26 subsequent months of continuous observation 

Of the five patients to whom nitrogen mustard was ad:ninistered during the 
acute stage, a prompt remission was followed progressively by an apparent cure 
in one, 

The variability of the natural course of glomerulonephritis and the low incidence 
of apparent induced recovery in our study make it difficult to assign a causal role 
to nitrogen mustard in the recovery of these two patients. 

\VWe have seen no harmful renal effects from the administration of nitrogen 
mustard to patients with nephritis. 

There is no unequivocal evidence in our data to support a recommendation for 
the routine use of nitrogen mustard in the treatment of human glomerulonephritis. 





SIMPLIFIED METHOD FOR THE L. E. CELL TEST 


Results of a Three-Year Study of Seven Hundred Tests in Many Disease States 


EDMUND L. DUBOIS, M.D. 
LOS ANGELES 


— DESCRIPTION by Hargraves of the L. E. cell five years ago gave a 
great impetus to the study of systemic lupus erythematosus.'. The frequency 
of the disease and the variability of its clinical picture have since been emphasized 
by numerous workers using the L. E. test to verify their diagnosis. It is the 


purpose of this paper to present a simplified technique for the production of L. E. 


cell preparations which has been in use at the Los Angeles County General Hospital 
for three years and to compare its results with others in general use. In my experi- 
ence the test is pathognomonic if positive.*. Since we began utilizing this method, 
the diagnosis of lupus has increased four-fold at this hospital. Negative prepa- 
rations occur in 30% of typical clinical cases of systemic lupus erythematosus.*4 
Our experience with this technique in a series of 72 cases of lupus erythematosus 


will also be reviewed. 


MABERIALS AND METHODS 


Seven hundred tests on persons with all types of diseases were performed, with particular 
emphasis on patients who might have a variant of systemic lupus erythematosus (Table 1). 
With the combined use of the test and clinical study, 72 new cases of systemic lupus erythe- 
matosus were discovered and 380 tests were performed in these cases alone. Below 1s given 
an outline of the technique which we have employed during the past three years. 

1. Add two drops of aqueous heparin solution (50 mg. per cubic centimeter) to a 15 cc 
test tube. 

2. Place 10 cc. of venous blood or several cubic centimeters of bone marrow in the tube 
and shake well. 

3. Allow tube to remain at room temperature 30 to 68 minutes 
idiacinsomc 

From the Department of Internal Medicine, University of Southern California, School of 
Medicine, and the Los Angeles County General Hospital. 

This work was supported by a grant from Mr. Joseph H. Gluckstein and Merck & 
Company, Inc. Cortisone and hydrocorticosterone (Compound F) were generously supplied 
by Elmer Alpert, M.D., of Merck & Company, Inc., and I. Winter, M.D., of G. D. Searle & 
Company. 

1. Hargraves, M. M.; Richmond, H., and Morton, R.: Presentation of 2 Bone Marrow 
Elements: The “Tart” Cell and the “L. FE.” Cell, Proc. Staff Meet., Mayo Clin. 23:25 (Jan. 21) 
1948. 

2. (a) Dubois, E. L.: Acquired Hemolytic Anemia as the Presenting Syndrome of Lupus 
Erythematosus Disseminatus, Am. J. Med. 12:197 (Feb.) 1952; (b) Systemic Lupus Erythema- 
tosus, M. Clin. North America 36:1111 (July) 1952. (c¢) Dubois, E. L.; Commons, R. R.; Starr, 
P.; Stein, C. S., Jr., and Morrison, R.: Corticotropin and Cortisone Treatment for Systemic 
Lupus Erythematosus, J. A. M. A. 149:995 (July 12) 1952. (d) Dubois, E. L.: The Effect of the 
L. EK. Cell Test on the Clinical Picture of Systemic Lupus Erythematosus, Ann. Int. Med. 
38:1265 (June) 1953. 
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4. Centrifuge at approximately 2000 rpm for five minutes, or until a clear separation of the 
three layers is obtained. 
5. Pipette off with a Wintrobe pipette the supernatant plasma, and discard it. 


6. Pipette 1 cc. of the buffy coat into a Wintrobe tube 
7. Centrifuge again at 2000 rpm for five minutes, or until a clear separation of the three 


layers is obtained. 


TABLE 1.—Study of 246 Peripheral Blood L. FE. Tests and 68 Bone Marrow L. E. Tests in 


215 Persons with Diseases Other Than Systemic Lupus Erythematosus 


All Tests Were Negative; Each Patient Had One or More Tests 
(Cases, 
Diagnosis No Diagnosis 


Collagen diseases Hematological diseases 


Rheumatoid arthritis 

Felty syndrome... ; 

Active rheumatic fever 

Active rheumatie heart disease 
Periarteritis nodosa 
Dermatomyositis 


Multiple myeloma 

Idiopathic thromboeytopenia purpura 
Idiopathic acquired hemolytic anemia 
Lymphomas and myeloid leukemia 
Panecytopenia (hypersplenism) 
Secondary hypersplenism 
Polyeythema vera 


Scleroderma 
Erythroblastosis fetalis 


Thrombotie thrombocytopenia 


Undiagnosed collagen disease 
Miscellaneous diseases 


Allergie states All types of nephritis and uremia 


Bronchial asthma Diseoid lupus erythematosus 


Allergie and toxie purpura Other dermatitides 
Erythema nodosum 4 Abnormal psyehie states 
Penicillin reaction . Cirrhosis of liver 
: Niabete or me » diseases 
Infections Diabetes and other metabolie disease 

i ‘ Heavy metal poisoning 

Viral pneumonia.. 

; Grand mal epilepsy 
Bacterial pneumonia Epilent tat {L.E t t 
P Wphieptice relative oO , J yatien 
Influenza and miscellaneous viral di- — oi 
eases Sait ; f Sarcold 
Subacute bacterial endocarditis 
Miscellaneous bacterial infections 


Osteoarthritis 
Malignant hypertension 


Active tuberculosis... Ulcerative colitis 


Searlet fever..... 


Congestive heart failure 
Thrombophlebitis 

Hypertensive cardiovascular disease 
Amyloidosis 

Other diseases 

Fever of unknown origip 

Normal relatives of L. E. patients 


Normal persons 


8. Pipette off the supernatant plasma with a Wintrobe pipette, and discard it 


9. Carefully aspirate the buffy coat layer into the Wintrobe pipette and then smear it 
thin section of smear, pull the smearing slide 


out on three glass slides. In order to make a 
This enables one to better study the cytology 


back and forth over one-half of the blood film. 
when the buffy coat is too rich in leucocytes. 
10. Stain preparations with Wright’s stain in the usual manner 
11. Examine the film, especially at the edges, for at least 10 minutes under the oil immersion 
If any abnormalities 


lens. In this length of time, several thousand leucocytes will be studied. 


are found, review the slide for a longer period and make another preparation. 


INCIDENCE OF SYSTEMIC LUPUS ERYTHEMATOSUS 


During the two calendar years of 1950-1951, 44 new cases of systemic lupus 
In 1948-1949, prior to our use 
During 


erythematosus were discovered at this hospital. 
of the test and our interest in this disease, only 11 new cases were found. 
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the 1950-1951 period, 88 cases of acute rheumatic fever were seen. Hence, systemic 
lupus erythematosus was half as frequent as acute rheumatic fever at this hospital. 
Also, in that same period, 36 cases of pernicious anemia and 38 cases of all types 
of acute leukemia were diagnosed. Systemic lupus erythematosus is not a “rare” 
disease but a relatively common one, which is at present masquerading under other 


diagnoses (Table 2). 


INDICATIONS FOR PERFORMING AN L. E. TEST 


Table 3 lists the commonest changes produced by this disease in a series of 62 


cases.** Ideally, any person who has one of these findings should have a peripheral 
blood L.. E. test performed merely as a screening test, and it is only by this method 


that the full clinical spectrum of this disease will become known. 


All patients who have fever in association with one or more of the following 
changes should certainly have L. I. cell preparations made: polyarthralgia or 
polyarthritis, even with rheumatoid deformity; pericarditis; pleurisy and pleural 


TABLE 2.—Incidence of Systemic Lupus Erythematosus Compared with Some Other Disease 
Entities at the 3,600-Bed Los Angeles County General Hospital 


Individual 
Patients 
Admitted, 
No 
4 


Rs 


1950-1951 
Systemic lupus erythematosus 
Acute rheumatie fever on aek 
Acute and subacute leukemias (all types) 
Pernicious anemia (new cases) 
Hodgkins disease 
Periarteritis nodosa 
Dermatomyositis . 
Scleroderma .......... 
Thrombotic thrombocytopenia 


3s 
36 


Is 


1948-1949 (prior to our interest in lupus erythematosus and the use of the L 


Systemic lupus erythematosus 


effusion which is nonbacterial; ascites which has no apparent cause; discoid and 
acute lupus-like lesions; bizarre undiagnosed skin lesions; convulsions with pro- 
tracted fever ; unexplained ocular hemorrhages and exudates ; nephrosis and nephri- 
tis; persistent nausea; vomiting, abdominal pain, and diarrhea of obscure origin ; 
hepatosplenomegaly ; Raynaud’s phenomenon ; depression of any of the peripheral 
blood elements ; hyperglobulinemia ; and false-positive serological tests for syphilis. 
It is unusual to obtain a positive test in the afebrile untreated patient. 

At least one bone marrow differential cell count and L.. FE. test in addition to 
the peripheral blood preparation should be performed on all patients in whom 
lupus is strongly suspected, because in the occasional case the marrow test may be 
positive and the peripheral blood L. Ic. preparation negative.’ At times early 
aleukemic leukemia may simulate the clinical picture of systemic lupus; hence the 
marrow differential cell count is also important. 

In my series, published elsewhere, of 62 treated cases of systemic lupus erythe 
matosus the test was performed in 60 patients and was found to be positive at some 


me 


3. (a) Suksta, A., and Conley, C. L.: Some Observations on the L. E. Cell, J. Lab. & Clin 
Med. 37:597 (April) 1951. (b) Dubois.2» 
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TaBLe 3.—Incidence of Changes Due to Lupus Erythematosus 


Signs of Cetabolis: 
Fever 
Weight loss 


Connective tissue lesions 
Arthritis 
Definite rheumatoid deformity 
Pericarditis 
Myocarditis 
Heart murmurs (systolic) 
Pleurisy 
Pleural effusion 
Ascites 


Vascular lesions 
Skin 
Skin lesions of all types (total) 
Butterfly area lesions (both classic and atypical 
Photosensitivity of rash 
Hyperpigmentation 
Mucous membrane lesions 
Loss of hair 
Over-all group 
Interviewed group (37 
Noninterviewed group 
Central nervous system 
Convulsions due to lupus 
Convulsions due to therapy 
Psychosis ; chowteauens 
Chronic nervous system drainage 
Fundie lesions 
Kidney 
Urinary abnormalities 
Gastrointestinal tract 
Nausea 
Vomiting 
Diarrhea 
Abdominal pain 
Adenopathy 
Splenomegaly 
Hepatomegaly 
Raynaud's phenomenon 
Over-all group 
Interviewed group (37) 


Noninterviewed group (25 


Hematologic changes 
Leucopenia (one count below 4,500) 
Anemia (below 11 gm.). 
Thrombocytopenia (marked) 
Positive serological test for syphilis 
L. E. cells (determined in 60 cases, see text 
Hyperglobulinemia (over 3.8 gm./100 ee., proteins determined in 56 cases)... 


Positive L. E, test with hyperglobulinemia (15 cases 


Positive L. E, test with false-positive serological test for syphilis (16 case 


Other changes 
Electroeardiographic changes (marked) 
Jaundice . 
Skin biopsy positive (performed in 23 cases 


Pleocytosis 
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time in 41, or 69.3%.*" The diagnosis was proved in the additional 21 patients—by 


autopsy in 6, classic skin and systemic changes in 6, positive skin biopsy in 4, and 
typical clinical picture in 5. An additional 10 patients have been seen since the 
report; a total of 70 have had L. E. tests, and 48 of these, or 68.5%, have had 


at least one positive preparation. L. E. cells were also demonstrated at some time 
in the course of the disease in 20 of 25 patients who have died in this series to date. 

In eight patients, or 12.9%, no L. E. cells were found on admission or in 
previous outside studies. Repeated tests done over the next few weeks to a year 
or more that these patients were followed finally demonstrated L. I. cells in each 
of them. Hence, it is important in the suggestive case to perform repeated tests 
on blood and marrow at intervals of several weeks. 

Of the 62 patients with systemic lupus erythematosus, 16 had both a false- 
positive serological test for syphilis and an L. E. test performed. Fourteen of these 
16, or 88%, had positive L. E. tests. In 27 cases there were positive L. E. tests 
with negative serological tests for syphilis. In 15 additional cases both tests were 
negative. There was no correlation between hyperglobulinemia and a_ positive 
Wassermann reaction. 

Fifteen patients had hyperglobulinemia (over 3.8 gm., at our laboratory) and 


13 of these, or 87%, had a positive L. FE. test. 


COMPARISON OF OUR TECHNIQUE WITH OTHERS 

There have been numerous reports of slight modifications of the L. I¢. cell test, 
each labeled with a different name.* ‘The technique using human or animal marrow 
as a source of leucocytes has been more generally utilized because of the ease of 
obtaining a good concentration of these cells on the smear; other than that, there 
is no advantage over the peripheral blood technique. With the method described 
above an excellent concentration of white cells is obtained. This method is similar 
to one recently described by Mathis.“¢4 Weisberger and his associates utilized 
fibrinogen to rapidly sediment out the red cells and obtain a rich buffy coat.*© This 
method works very well but requires a fresh daily supply of fibrinogen solution. 
Why in the occasional case the marrow test is positive and the peripheral blood 
test negative is not definitely known, since it is the more mature polymorphonuclear 
leucocytes which produce the reaction. It is likely that one explanation is the 
occasional variability in the reaction from test to test, for when two simultaneous 

4. (a) Moffatt, T. W.; Barnes, S. S., and Weiss, R. S.: The Induction of the L. E. Cell 
(Hargraves) in Norma! Peripheral! Blood, J. Invest. Dermat. 14:153 (March) 1950. (b) 
Jarnes, S. S.; Moffatt, T. W., and Weiss, R. S.: Demonstration of the L. E. Cell in the 
Absence of Anticoagulant, ibid. 14:397 (June) 1950. (c) Weisberger, A. S.; Meacham, G. C 
and Heinle, R. W.: Simple Method for Demonstrating the “L. E.” Phenomenon in Peripheral 
Blood, J. Lab. & Clin. Med. 39:480 (March) 1952. (d) Mathis, H. B.: A Simple Office 
Procedure for Demonstrating Lupus Erythematosus Cells in Peripheral Blood, Blood 6:470 
(May) 1951. (e) Haserick, J. R.: Plasma L. E. Test in Systemic Lupus Erythematosus 
Study of 23 Patients with Positive L. E. Tests, J. A. M. A. 146:16 (May 5) 1951. (f) 
Watson, J. B.; O'Leary, P. A., and Hargraves, M. M.: Neutrophils Resembling L. E. Cells 
in Artificial Blisters, A. M. A. Arch, Dermat. & Syph. 63:328 (March) 1951. (g) Zimmer, 
F. E., and Hargraves, M. M The Effect of Blood Coagulation on L. E. Cell Formation, 
Proc. Staff Meet., Mayo Clin. 27:424 (Oct. 22) 1952. (h) Suksta and Conley.*4 
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ones are performed, one preparation may contain many L. E. cells and the other 
few or none. In our experience we have not seen any false-positive reactions 
using marrow instead of peripheral blood for the source of white cells. 

The Mayo Clinic has brought out two additional techniques for demonstration 
of L. E. cells; the first was described by Watson, O'Leary, and Hargraves in 1951 
utilizing scrapings from cantharides-produced vesicles.‘ This test we performed 
in 13 patients with known or suspected lupus erythematosus. It was positive in 
only two patients who also had a positive blood L. FE. test. L. E. cells were also 
found in the blood of two others of this group, who had negative blister tests. 


It is more time consuming than the peripheral blood technique, and the cytology is 


usually distorted by air drying the smears of leucocytes. Ordinarily few white cells 


are found in the scrapings of the blister base. Interestingly enough, the inclusions 
found with this technique are small bodies similar to those sometimes seen in 


TasLe 4.—Comparison of the Results of Heparinized Peripheral Blood L. FE. Tests and 
Clotted Blood L. E. Tests 


Peripheral Blood Clotted Blood 
L. E. Test * L. E. Test ¢ 


E. Cells/ H.E. Bodies? L. E. Cells/ H. E. Bodies 


Patient 1,000 WBC 1000 WBC 1,000 WBC 1,000 WBC 


Pp 


0 0 
4 g 
4 4 

0 


* Technique used at Los Angeles County General Hospital 
Technique used at Mayo Clinic 
H. E. bodies “hematoxylin bodies.” 

the L. I. blood preparation (lig. 444 and B). Recently Zimmer and Hargraves * 
thought they noted an augmentation of the L.. E. phenomenon when clotted blood 
was used. We repeated this method in our laboratory and also performed simul 
taneous tests with the technique described above. The counts per 1,000 white 
cells are given in Table 4. The results with our method are apparently superior, 
and it is much easier to perform. We found no evidence of intensification of the 
L.. E. phenomenon by this method. Haserick agrees that the peripheral blood or 
marrow technique such as we utilized is as good as the animal bone marrow 


technique which he uses (see addendum ) 


INTERPRETATION OF THE L. E. TEST 
There are four changes that are looked for in the preparation, namely, increased 
rouleaux formation, “hematoxylin bodies,” rosettes, and L. I. cells. 
Increased rouleaux formation is common in systemic lupus erythematosus and 
in other diseases in which there is an elevated globulin and high cold agglutinin 


titer. It is nonspecific. 
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“Hematoxylin bodies” are clumps of dark-purplish-staining material which vary 
in size from that of a single leucocyte to masses of this material which may be the 
diameter of a dozen white cells, or approximately that of megakaryocytes in bone 
marrow preparations (Figs. 1] and 24). Berman calls these “free cloudy masses.”° 
The material is most often homogeneous in consistency, similar to the L. E. ineclu- 
sion but much darker staining. At times these bodies may contain lighter purplish 
threads in a parallel pattern. The shape of the bodies varies from being almost 


perfectly round or ovoid to being irregular in outline. These masses are probably 


the same changes pointed out in the tissue sections as hematoxylin bodies by 
Ginzler and Fox in 1940. They have been shown to be depolymerized desoxy 
ribosenucleic acid.’ The same material when ingested forms an L. Ic. cell. The 
finding of these bodies is not pathognomonic, as similar-appearing changes occur 
in L. E. preparations from patients with scleroderma and diseases with hyper 
globulinemia. The finding of “hematoxylin masses” is suggestive of lupus, and 
further peripheral blood and bone marrow tests must be performed. 

Rosettes are clusters of polymorphonuclear leucocytes surrounding a “hema 
toxylin body” (Fig, 2B). 

The appearance of a typical rosette, with a free cloudy mass in the center, is 
highly suggestive but, again, not diagnostic of lupus and further studies are 
warranted. Often these rings of white cells surround platelet clumps (Fig. 34). 
This is a pseudorosette and is not as significant. 

The change that must be found in order to call a preparation positive is the 
typical L. E. cell (Figs. 36 and 4). 

This is usually a neutrophilic polymorphonuclear leucocyte which has engulfed 
a purplish-staining smoky homogeneous mass of material which is so large that 
it pushes the nucleus to one side of the cell. The mass of material is chemically 
the same as the free “hematoxylin body” described above, but when it is engulfed 
in the cell it may vary in staining quality from a pale blue to a dense purple. It is 
always homogeneous in appearance and lacks any chromatin structure, which 
differentiates it from the “tart” cell with which it is often confused (Fig. 5.4). The 
IL. E. inclusion may vary in size from that of a fraction of the single lobe of a 
polymorphonuclear leucocyte to the size of two large leucocytes. Occasionally more 
than one inclusion is found in the cell (Fig. 4). When two typical L. KE. cells are 
found, we consider a preparation positive and the test is usually repeated for 
verification. Bone marrow and peripheral blood L.. I. tests are performed at least 
once in all suspected cases, because occasionally, as for four of our patients, the 
peripheral blood test is negative and the bone marrow positive or vice versa. 

In patients who have severe hemolytic anemia due to lupus erythematosus 
erythrophagocytosis is found as in other severe hemolytic anemias* (Fig. 5B). 
ae 

5. Berman, L.; Axelrod, A. R.; Goodman, H. L., and McClaughry, R. I.: So-Called 
“Lupus Erythematosus Inclusion Phenomenon” of Bone Marrow and Blood: Morphologic 
and Serologic Studies, Am. J. Clin. Path. 20:403 (May) 1950 

6. Ginzler, A. M., and Fox, T. T.: Disseminated Lupus Erythematosus: Cutaneous 
Manifestation of Systemic Disease (Libman-Sacks) ; Report of Case, Arch. Int. Med. 65:26 
(Jan.) 1940. 

7. Klemperer, P., and others: Cytochemical Changes of Acute Lupus Erythematosus, Arch 
Path. 49:503 (May) 1950. 

8. Zinkham, W. H., and Diamond, L. K.: In Vitro Erythrophagocytosis in Acquired 
Hemolytic Anemia, Blood 7:592 (June) 1952. 
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Fig 1—aA, round “hematoxylin body” and atypical L. FE. cell formed by the fusion of two 
polymorphonuclear leucocytes engulfing a mass of hematoxylin-staining material. Bone marrow 
L. E. preparation; & 1,700. B, large rounded free “hematoxylin body” in peripheral blood 


275 


L. FE. preparation; * 8 
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Fig. 2-—A, amorphous “hematoxylin body” in bone marrow L. E. preparation; x 1,700 
B, typical rosette of leucocytes about mass of hematoxylin-staining material. Peripheral blood 
L. E. preparation; « 825 





DUBOIS—SIMPLIFIED METHOD FOR’ THI CEEL. TES? 177 


Fig. 3.—A, pseudorosette ; leucocytes about a platelet clump. Peripheral blood L. E. prepara- 
tion; X 1,700. B, two typical L. FE. cells. Peripheral blood L. FE. preparation; ~« 1,700 
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lig. 4 !, atypical L. FE. cell. Note the two small inclusions in the cell to the left as 
contrasted to the large inclusion in the cell to the right. Peripheral blood L. E. preparation 

1,700. B, atypical L. i. cell. Note the large inclusion and several much smaller inclusions 
in this cell. Peripheral blood L.. FE. preparation; * 1,700 
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1. “tart” cell, Note chromatin. structu ‘ t} inclusion bod 


example of erythrophagocytosis. Peripheral blood L. FE. preparation < 1,700 


phagocytosis in peripheral blood of patient with hemolytic anemia due to lupus erythem: 


L.. EK. preparation; « 1,700 
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FALSE-POSITIVE TESTS 

There has been a great deal written about the pathognomonicity of the test. 
Those with the most experience with the reaction and the disease feel that it is 
pathognomonic when one views the clinical picture of the patient in terms of a 
broad concept of systemic lupus erythematosus.” Reports of false-positive tests 
have appeared in many disease states.’ Lee and his associates reported a case 
of acquired hemolytic anemia in a man with a positive L. Ee. test. It has subse 
quently been proved '' to be an example of the syndrome of acquired hemolytic 
anemia as an initial manifestation of systemic lupus erythematosus, as described 
by Dubois.“ Two of the three cases of positive tests in “penicillin reactions” 
described by Walsh and Zimmermann '’” have, according to the case reports in 
their paper, the “telescoped” urinary sediment and other changes commonly seen 
in lupus erythematosus. It is my opinion that if the test is typically positive and 
if the patient is followed for a sufficient length of time other changes due to the 


disease will be seen to develop. 


In our experience we have never seen a false-positive test, utilizing this tech 
nique for blood or bone marrow. At times the test may be positive with little other 


evidence of systemic lupus. The reverse is also true, that the test may be negative 
in classic cases of lupus for years or even during the entire course of the disease, 
with autopsy confirming the diagnosis. 

The following cases illustrate the necessity of performing multiple tests in 
order to find the L. [. cells, even in patients with the typical clinical picture of the 
disease (‘Table 5 

Case 1.—P. A., a 23-year-old Negro woman, was first admitted to the Los Angeles County 
General Hospital on Oct. 18, 1950, complaining of having a rash on her face for the past five 
months. She had been in good health until February, 1950, when, while she was eight months 
pregnant, and eruption, which was red and scaled, developed on the upper arms. It disappeared 
shortly after delivery. Three months later, soon after a dental extraction, a similar lesion 
reappeared on both arms, the forearms, the butterfly area, the forehead, and about the ears 
Six weeks prior to admission, generalized arthralgia, weakness, and gradual weight loss of 
20 Ib. (9 kg.) developed. Vive days before she entered the hospital she had intermittent fever 
and headache. 

Temperature was 99.8 F., pulse rate 80, respiration 22, and blood pressure 120/80. The patient 
appeared to be a well developed and well nourished 21 yeal old Negro woman in no distress 
There was a sharply demarcated erythema and telangiectasia without atrophy or scaling in 
the butterfly area. Over the anterior and lateral hair line there were dull erythematous atrophic 
patches with dirty adherent scales. There were similar lesions around the ears. There was 
also loss of hair on the eyebrows, which showed dull erythema, scaling, and atrophy. Similar 
areas were on the nose, V-area of the neck, arms, and forearms. The remainder of the physical 
examination showed no abnormality. The hemoglobin was 8.5 gm. and the white blood cell 
count was 2,800, with relative lymphocytosis. Urinalysis showed no abnormality. L. E. cell 
test on peripheral blood and bone marrow was negative. Albumin was 4.4 gm. and globulin 
was 4.1 gm. per 100 cc 


A 
9. Tumulty, P. A., and Harvey, A. M.: Joint Involvement in Lupus Erythematosus 


Disseminatus, Bull. Rheumat. Dis. 2:17 (May) 1952. Walsh, J. R., and Egan, R. L.: The 
Reliability of the L. FE. Test, New England J. Med. 246:775 (May 15) 1952. Dubois.2». 4 
Suksta. ** Haserick.*¢ 

10. (a) Lee, S. L.; Michael, S. R., and Vural, I. L.: L. E. (Lupus Erythematosus) Cell, 
Am, J. Med. 10:446 (April) 1951. (b) Walsh, J. R., and Zimmerman, H. J.: Demonstration 
of the “L. FE.” Phenomenon in Patients with Penicillin Hypersensitivity, Blood 8:65 (Jan.) 
1953. (c) Berman and others.® 

11. Klemperer, P Personal communication to the author. 
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The patient became fully afebrile after several days in the hospital and was discharged 
without specific therapy. She felt well despite her anemia after discharge 

In April, 1951, both the cantharides blister L. E. test and the peripheral blood L. E. test 
were negative, despite persistent anemia (9.4 gm. hemoglobin) and leucopenia (2,700). Because 
of weakness associated with these findings the patient was given cortisone, with improvement 
in the entire clinical picture. Four additional peripheral blood L. EF. preparations at about 
monthly intervals were negative, but in January, 1952, for the first time, after nine tests had 
been performed, a positive preparation was obtained 

During November and December, 1951, the patient had been on a low maintenance dose 
of cortisone, 75 mg. per day, and due to the cost of the drug she at times reduced her main 
tenance dose below this level. During that two-month interval she had intermittent arthralgia 
and increased erythema on the nose and cheeks but no fever, anemia, or leucopenia. Her 
maintenance dose of cortisone was increased to 125 mg. per day, and the L.. Ee. test six weeks 
later was negative. For no apparent reason, a few L. E. cells were found in a preparation 
again in March, 1952, but since then the test has been negative on occasions (Table 5) 


Summary.—A 23-year-old Negro woman with classic systemic lupus erythema 


tosus, after being ill 19 months and having nine negative preparations for L. 


cells, was finally found to have two positive tests alter a mild relapse when her 


maintenance dose of cortisone was reduced. The abnormal cells disappeared 
after elevation of the cortisone dose and have remained absent. 

Case 2.—A. T., a 21-year-old white housewife, was first admitted to the Los Angeles County 
General Hospital in June, 1951, complaining of joint pains of three years’ duration and weak 
ness, loss of appetite, and weight loss of two weeks’ duration. She had been in good health 
until she was about 18 years old and then stiffness and arthralgia developed in the elbows, 
knees, hip, and proximal interphalangeal joints. There gradually appeared a 30-degree limitation 
of motion of the elbows. Simultaneously with the onset of the arthralgia Raynaud's phenomena 
appeared for the first time and persisted. Three weeks prior to this admission she went to the 
beach and persistent erythema developed in the light-exposed areas, particularly on the butterfly 
area and the V-area of the chest, where there was a pronounced bathing suit mark. There was 
a 10-pound (4.5 kg.) weight loss in the few weeks prior to admission. The family history 
revealed that a brother had rheumatic heart disease 

Temperature was 100.5 F., pulse rate 130, respiration 18, and blood pressure 105/70. The 
patient was a fairly well-developed and well-nourished 21-year-old woman, with a faint erythema 
in the butterfly area with minimal fine scaling. There was a blotchy erythema over the upper 
anterior chest, with a clear line of demarcation at the level of the bathing suit. The remainder 
of the physical examination gave normal results. Laboratory tests revealed a hemoglobin 
of 11.0 gm., with a white cell count of 2,700 and a relatively normal differential cell count 
Urinalysis showed 2 + albumin and normal sediment. Albumin was 3.6 gm. and globulin 
4.6 gm. per 100 cc, Nonprotein nitrogen was 34 mg. per 100 cc. The patient’s temperature was 
101 to 102 F. for the next two weeks in the hospital, but the butterfly lesion gradually faded 
After the initiation of therapy with intravenous corticotropin (ACTH) she became asymptomatic 
The skin lesions were fully cleared, and the laboratory tests reverted to normal values 

The patient had a negative bone marrow L. F. test, three negative peripheral blood L. EF 
tests, and one negative cantharides blister test during the first few weeks in the hospital. She 
was discharged on a maintenance dose of cortisone 

Nine L. E. tests, as outlined in Table 5, were negative. The patient left the city in February, 
1952, and gradually tapered down her dose of cortisone. Soon after this, fever recurred, with 
arthralgia, butterfly erythema, hallucinations, and convulsions. The patient was hospitalized 
elsewhere, and cortisone therapy was stopped. Gradually her psychosis cleared, but the joint 
pains, fever, and anemia persisted. She lost 20 Ib. (9 kg.). She was seen again in June, 1952, 
and for the first time, on the 10th test, many L. E. cells were found. With reinstitution of 
vigorous therapy, the cells disappeared in the next six weeks and remained absent for another 
month, during which time the maintenance dose was reduced to 150 mg. per day; then there 


was a relapse, and the abnormal cells reappeared 
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Summary.—This case is another example of classic systemic lupus erythema 


tosus in which the typical cells were found after the patient had been ill over four 


years and after 10 negative L.. E. tests of all types had been made 


Cell Test Data 


BML 
PBLI 
PBL 
an Le 
PBLE 
PBLI 
PBLI 
PBLI 
PBLI 
PBLI 
PBLI 
PBLI 
PBLI 
PERLE 


(eXamiple of LL. BE. tests in welleontrolled case witht 
isxone therapy) 
MS/ 51 BMIELI 
a PBLI 
PBLI 
PBLI 
PBL 
PRI 
about ntery PRLI 
1/24/52 VBLE 
No clinteal relapse but mait 
len tests at monthly terval PBL 


Abbrevintion “an | - ripheral blood 1 or ‘ t ique): BMLE, bone 
narrow —, f , { ' 


THE EFFI \TMEN ON THE 1 


With adequate therapy, test reverted to negative in four to six weeks 
In every case in which a remission was successtully induced and maintained in out 
series of 41 patients with positive I. EE. tests2°" Tlowever, if treatment is not 
vigorously pushed into the Cushingoid level and maintained at sub-Cushing levels, 


as advocated in our paper, then the L. le. factor persists and the test remains posi 
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tive* Otten during adjustment of the maintenance dose or in) maintenance ot 
difficult patients who do not respond well to therapy or who omit treatment, the 
test may temporarily revert to positive. Examples of the L.. I. test records of several 
patients are shown in Table 5 
SUMMARY 

\ simplified procedure for making L.. I¢. cell preparations is presented. This 
technique is readily adapted to routine use in office or hospital as a screening 
method 

The use of this technique during the last three vears, together with our interest 
in this disease, has increased the diagnosis of systemic lupus erythematosus four 
fold. It 1s half as common as acute rheumatic fever at this hospital and is more 


common than classic pernicious arena or than all the acute leukemias combined 


The test should be performed on all patients who have fever in association with 


any of the following changes: polyarthralgia or polvarthritis, with or without rheu 


matoid deformity ; pericarditis ; pleurisy and pleural effusion of nonbacterial origin ; 
ascites which has no apparent cause; discoid and acute Jupus-like lesions ; bizarre 
undiagnosed skin lesions; convulsions with protracted fever; unexplained ocular 
hemorrhages and exudates ; nephrosis and nephritis; persistent nausea; vomiting, 
diarrhea, and abdominal pain of obscure origin: hepatosplenomegaly ; Raynaud's 
phenomenon; depression of any peripheral blood elements; hyperglobulinemia 
false-positive serological tests for syphilis. It is unusual to obtain a positive test im 
the afebrile untreated patient 

Phe simplified heparinized blood or marrow technique described ts as accurate 
as the more complex methods utilizing animal marrow, cantharides vesicles, or 
clotted blood 

Four abnormalities are searched for in interpreting the L. le. preparation. They 
are rouleaux formation, “hematoxvlin bodies,” rosettes, and L.. Ie. cells. Only the 
finding of classic L. EK. cells ts pathognomont lhe appearance Of rosettes and 


“hematoxvlin bodies” is only suggestive, and further tests should be made 
In screening patients in whom lupus is strongly suspected, both bone marrow 
£ | | 
tests must be done, because one may be positive while 


the other is negative It mav be necessary to pertorm repeated tests over weeks t 


and peripheral blood L. | 


vears in order to contirm the diagnosis 
In our experience, there have been no false positive tests llowever, there are 


negative tests in 30% of typical cases of systemic lupus erythematosus 


With vigorous therapy with corticotropin ( \CTH) and cortisone the LL. | 
cells invariably disappear within four to six weeks. While the maintenance dose 
is being adjusted at the sub-Cushingoid level or in difficult or relapsing case 
test may revert temporarily to positive 

| 


With more frequent usage of this test, the spectrum of the disease wall be 


broadened and. most Wpportant ol all, Cases Of SVSTECHIN lupus erythematosus wal 


be diagnosed and treated earlier prior to irreversible damage to the kidney, bran 


and heart 
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ADDENDUM 

\n additional 300 tests have been run to date, bringing the total series to over 
1,000. No false positive reactions have vet been seen. Kurnick and his associ- 
ates © reported that leucocytes washed in isotonic sodium chloride solution have 
an increased sensitivity for detecting L. [. factor due to removal of an 
“inhibitor.” A series of 14 simultaneous L. I. tests were performed, utilizing 
leucocytes washed three times in isotonic sodium chloride solution and unwashed 
leucocytes. Potent L. IX. serum was then added to each suspension. The aver 
age of the changes found on the smears per 1,000 leucocytes is as follows: 


washed leucocytes, 5 L. Ie. cells, 6 heniatoxylin bodies, and 5 rosettes. Unwashed 


leucocytes, 17° L. KE. cells, 2 hematoxylin bodies, and 9 rosettes \ppar 


ently washing the leucocytes with isotonic sodium chloride solution does not 
increase their sensitivity. The test outlined in this paper is more “sensitive” than 
any other technique which has been described. 


Dr. Paul Starr, Professor of Medicine, University of Southern California Medical School, 
gave advice, cooperation, and criticism of this work, and Mr. Lloyd Matlovsky, of the photo 
graphic department of the Los Angeles County Hospital, gave assistance. 


_— 

8. Kurnick, N. B.; Schwartz, L. I.; Pariser, S., and Lee, S. | A Specific Inhibitor for 
Human Desoxyribonuclease and an Inhibitor of the Lupus Erythematosus Cell Pheno-nenon 
from Leucocytes, J. Clin. Invest. 32:193 (March) 1953 





DIPHENYLAMINE REACTION IN RHEUMATIC FEVER 


A. F. COBURN, M.D. 
L. V. MOORE, M.D.’ 
AND 
J. HANINGER, M.D. 
CHICAGO 


I\ZI and State! reported that the serum level of a substance which reacts 
with diphenylamine was elevated in several disease states, including rheu 
matic fever. Likewise, when a patient’s serum was heated with Dische’s diphenyl 


amine reagent Ayala and his associates * observed an association between the 


intensity of the purple reaction and the degree of rheumatic activity. The present 


report includes a study of the diphenylamine values in three groups of children 
with carefully observed rheumatic fever. One group was treated in a uniform 
manner during the acute illness; a second group received several types of therapy 
following admission to the hospital; another was a group of children with quiescent 


rheumatic fever, who were attending school and receiving no treatment 


METHODS 


Technique for Determining Serum Diphenylamine Values.—The semimicro procedure 
described by Ayala, Moore, and Hess has been employed throughout this study.4 In this pro 
cedure, 5 ml. of 5% trichloroacetic acid solution is added slowly with gentle shaking to a 0.2 
ml. sample of serum contained in a 18 by 150 ml. o. d. test tube. The slow addition of the 
trichloroacetic acid plus the gentle shaking insures fine floccules of precipitate. “The tube is 
then placed in a boiling water bath for exactly 20 minutes and immediately cooled by immersion 
in ice water. The tubes are stoppered during the hydrolysis with a perforated rubber stopper 
fitted with 20 cm. long glass tubing which acts as a condenser. The hydrolyzate is filtered, and 
1.5 ml. of the clear filtrate is transferred to an 18 by 150 mm. o. d. test tube to which are added 
3 ml. of reagent. The tube is then immersed in a boiling water bath for exactly 30 minutes 
After removal from the boiling water the tube is cooled in ice water and allowed to come to 
room temperature. The color intensity is stable for several hours at room temperature. The 
optical density was read in a Model 6A Coleman Spectrophotometer at 530 me# in the 18 by 150 
mm. test tube in which the color was developed. A large number of 18 by 150 mm. Pyrex test 
tubes were examined for uniform optical properties. Tubes were selected which were uniform 
to +0.005 optical density units at an optical density of 0.300 and at a wavelength of 530 m# 
This is well within the standard error of the method. The adapter on the Model 6A Coleman 
Spectrophotometer was modified by reducing the vertical light path to 15 mm. in order to 
accommodate a 4.5 ml. sample 
-enieallanica 

Dr. Moore died March 5, 1953 

From the Rheumatic Fever Research Institute, Northwestern University Medical School 

This study was supported by grants from the Victoria Foundation and from the United 
States Public Health Service 

1. Niazi, S., and State, D.: Cancer Res. 8:653, 1948. 


2. Ayala, W.: Moore, L. V., and Hess, E. | J. Clin. Invest. 30:781, 1951 
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Iwo blanks are required. One blank consists of 5% trichloroacetic acid and standard reagent 
in proportions corresponding to those used for the reaction. This blank 1s used to establish the 
zero optical density setting of the spectrophotometer. The second blank consists of 1.5 ml. ot 
serum hydrolyzate and 3.0 ml, of acetic sulfuric acid mixture without diphenylamine. The second 
blank must be prepared separately for each serum sample. The optical density of this blank 
is subtracted from the corresponding serum sample giving the purple color reaction. This 
furnishes the corrected optical density of the purple color determination 

‘A mixture of sulfuric and acetic acids in the proportions used in the reagent, when added 
to serum hydrolyzate, gives a light brown color with a broad absorption band. The sulfuric 
acid in the mixture causes this color development. Since the intensity of this color varies with 
individual serum samples it must be subtracted from the measured optical density of the purple 
color reaction.’ 

Phe values are reported in Color Units (1,000 »% log '/T) 


CLINICAL FINDINGS 


Observations on Children with Outescent Rheumatic bever.—Serum diphenylamine dete1 
minations were made on 37 rheumatic children who had been im good health for at least one 


year and who had normal blood sedimentation rates h oup was about equally divided in 


Sertal Diphenylamine Determiuations m Sixty ‘ 7 with Acute Rheumatic lever 


Diphenylamine Values 
Normal * 
Total 
Rheumatic State " No Y Samples 


rT) HW? 


Onset of attack 
Acute illness 
Subsiding 17 1h 


Recovery 


Total 


High values L844: nornal values ¢ 


sexes; it included several racial strains; most o children had stigmata of valvular disease 
none had any evidence of rheumatic activity 

The following serum diphenylamine values were obtained: mean 0.258; 
standard deviation 0.033. Throughout this study many samples of sera were 
run in dupheate, The error inherent in the method was approximately 2% (0.006 


log '/1) 


vhions on oleutely 1H Patients Sixty-two patients with rheumatic fever were studied 


trom the day entrance to their discharge trom the children’s wards. Blood samples were 
procured twice weekly during the acute illness and then at weekly intervals during its) sub 


sidence. Follow-up samples were obtained from 27 patients who had apparently recovered and 


were tree of rheumatic activity. Altogether, 438 determinations were made. The results are 
given in the Table 

It is seen in the Table that at onset of and during the acute illness the serum 
diphenvlamine value was elevated in each instance. The values remained high in 
most patients during convalescence. Tlowever, when recovery appeared to be 
established, the patients’ sera, with one exception, gave normal readings 


Relation to erythrocyte Sedimentation Rati Probably the most useful labora 


tory aid in recording objectively the course of rheumatic activity has ybeen the 


erythrocyte sedimentation rate. To examine the relation of the diphenylamine 
values to sedimentation rates, parallel blood determinations were made weekly on 


3? children with rheumatic fever. The results are given in Chart 1 
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Chart 1 shows that the blood sedimentation rate (\Westergren measurements 
at one hour) and the serum diphenylamine values are in close agreement. As 


recovery progresses, both levels fall toward normal. [t 1s of interest that several 
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cumatic tevet 

patients had a mild exacerbation when allowed out of bed during the 10th weel 
of illness. This is reflected in rising values for the sedimentation rate and the 
diphenyvlamine reaction. The final) determinations, made during convalescence, 


showed that the values for both tests had reached almost normal levels 
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Some of the patients had monocyclic attacks ; most had polycyclic attacks. There 
were two deaths. At the end of the first cycle one patient developed a tooth abscess, 


which when treated gave rise to fulminating rheumatic pneumonia and death. The 


other patient had apparently recovered from a polycyclic attack and was ambula- 


tory when fulminating rheumatic pneumonia developed. Irrespective of the character 
of the rheumatic attack or the outcome, there was a close parallelism between the 
serum diphenylamine values and the blood sedimentation rate. This relation 1s 
shown in four illustrative cases in Chart 2 

In addition to duration, the illnesses varied in severity. Upon admission to the 
hospital each patient was placed in one of four categories on the basis of tem 
perature, pulse rate, rheumatic manifestations, and signs of “toxicity.” The four 
clinical evaluations were: 4 +-, fulminating; 3+, severe; 2 +, moderate; 1 +, 
mild. Diphenylamine determinations were made prior to treatment. There were 
no fulminating attacks in this series of 18 patients. On admission, the six patients 
rated 3 + had a mean diphenylamine serum level of 0.502; the seven patients rated 
2 -+- had a mean diphenylamine level of 0.470; the five patients rated 1 + had 
a mean diphenylamine level of 0.436. Although overlapping occurred, there was, 
in general, an association between the severity of the rheumatic process and the 


average intensity of the diphenylamine reaction 


COMMENT 


Phe substance in serum which reacts with diphenylamine to give a purple 
color has not been identified. Under certain conditions its concentration increases 
in the blood stream, One of these conditions is a sterile inflammatory reaction, 
such as rheumatic fever in man and anaphylactic arthritis in the guinea pig.’ In 
the latter, when a single experimental lesion is produced the substance reaches a 
peak concentration in the circulation about 24 hours after the onset of inflammation. 
In rheumatic fever the peak appears to coincide with or follow shortly the height 
of rheumatic activity. The concentration of the reactive material in the blood 
stream, as detected by the diphenylamine reaction, appears to be conditioned by 
the intensity of the inflammatory process 

During this and related studies it has been observed in this laboratory that 
(a) connective tissue is a rich source of the diphenylamine-reactive substance, 
(b) an inflammatory disease of the connective tissue, rheumatic fever, 1s accom- 
panied by an increased concentration of this substance in the blood, and (c) 
increased concentration of similarly reacting material appears in the blood when 


the tissues around the guinea pig joint are injured by an anaphylactic reaction 


SUMMARY 
The diphenylamine reaction parallels the erythrocyte sedimentation rate in 
rheumatic fever. 
Serial diphenylamine determinations provide information helpful both in esti 
mating the degree of rheumatic activity and also in evaluating the effectiveness 
of therapeutic agents. 


rT 


3. Coburn, A. F., and Haninger, J.: J. Exper. Med., to be published 





TREATMENT OF HYPERKALEMIA IN ACUTE RENAL FAILURE 
USING EXCHANGE RESINS 


HARVEY C. KNOWLES Jr., M.D. 
AND 


S. A. KAPLAN, M.D. 
CINCINNATI 


N THE therapy of acute renal failure with oliguria no specific means are known 

to accelerate healing of the damaged nephrons. ‘Treatment is directed largely 
towards the prevention and correction of water and electrolyte derangements, 
including the retention of potassium, which, with its danger to cardiac function, 
presents a particularly serious hazard to the patient. Reduction of high concentra 
tions of potassium in the serum may be accomplished by various procedures aimed 
at correcting abnormal concentrations of this and other diffusible substances in the 
extracellular fluids. These methods include the artificial kidney,’ peritoneal lavage,’ 
and exchange transfusions.” .\ therapeutic measure aimed specifically at removal ot 
potassium is the method of intestinal lavage advocated by Hicks and his associates.* 
Other approaches to the problem are concerned with the early prevention of hyper 
kalemia. These include limitation of tissue breakdown by the use of high caloric 
inputs ° and testosterone ' and the reduction of the concentration of retained solutes 
by the production of edema." There are difficulties and limitations attending all these 
procedures, 

:Ikinton and his associates ‘ have presented evidence that cation exchange resins 
may remove sufficient quantities of potassium via the gastroenteric tract to decrease 


dangerously high serum potassium levels. The purpose of this communication ts to 


enna 


From the Departments of Pediatrics and Internal Medicine, University of Cincinnati 


College of Medicine 

1. Merrill, J. P.; Levine, H. D.; Somerville, W., and Smith, S. IIf.: Clinical Recognition 
and Treatment of Acute Potassium Intoxication, Ann. Int. Med. 83:797 (Oct.) 1950 

2. Odel, H. M.; Ferris, D. O., and Power, M. H.: Clinical Considerations of the Problem 
of Extrarenal Excretion: Peritoneal Lavage, M. Clin. North America 32:989 (July) 1948 

3. Dausset, J.: Lower Nephron Nephrosis: Report of Treatment of 44 Patients by Repeated 
Replacement Transfusions, Arch. Int. Med. 85:416 (March) 1950 

4. Hicks, M. H.; Crutchfield, A. J., and Wood, J. E., Jr.: Intestinal Lavage in the Potas 
sium Intoxication of Lower Nephron Nephrosis, Am. J. Med. 9:57 (July) 1950 

5. Bull, G. M.; Joekes, A. M., and Lowe, K. G Conservative Treatment of Anurt 
Uraemia, Lancet 2:229 (Aug. 6) 1949 

6. Hoffman, W. S., and Marshall, D.: Management of Lower-Nephron Nephrosis: Report 
of 6 Cases, Arch. Int. Med. 83:249 (March) 1949 

7. Elkinton, J. R.; Clark, J. K.; Squires, R. D.; Bluemle, L. W., and Crosley, A. P., Jr 
Treatment of Potassium Retention in Anuria with Cation Exchange Resin: Preliminary Report, 


Am. J. M. Sc. 220:547 (Nov.) 1950 
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RESULTS 
In Table 2 are listed the daily concentrations of serum potassium and excretions 
of urinary potassium in the control patients. Data for the patients receiving resin 
ek ’ 
are presented in Table 3 
In Chart 1 the daily levels of the serum potassium are depicted for the patients 
to whom resin was not administered. In all there was a progressive rise in the 
concentration of potassium, although the rate of increment varied not only from 


patient to patient but in the same patient from day to day. There were various 
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Chart 1——Daily levels of serum potassium in the six untreated patients 
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Chart 2.—Levels of serum potassium in the four patients treated with resin. 


gradations between the pattern exhibited by J. .\., in whom there was a gradual 


rise from 4.4 to 5.8 mkq. per liter over five days, and that exhibited by W. F., tn 
whom the serum potassium rose precipitously from 5.65 to 9.30 mltq. per liter in 
three days 

In Chart 2 are plotted the levels of serum potassium of the patients receiving 
resin. In each patient, while the resin was being administered potassium concentra 
tions decreased. The urinary excretions were small in all cases and were inadequate 
to account for the decrease in the extracellular concentrations. In patient W. C. the 


daily urinary output of potassium approached 14 mleq. per day. However, even 
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though gross hematuria was present, the amount excreted was insufficient to account 
for the fall in serum potassium. In patients M. C. and D. S. the resin was adminis 
tered without interruption, and the serum potassium levels gradually declined. hh 
patient |. B. the serum concentration progressively fell from 5.25 meq. to 3.35 mieq. 
per liter. Because of the possibility of producing potassium deficiency, even though 
10 days of marked oliguria had elapsed, the resin was discontinued. Over the next 
four days the serum concentration increased to 4.55 meq. per liter, at which time 
the patient died in uremic coma. In patient W. C., after only two days of resin 
treatment, the serum potassium level had fallen from 6.75 mleq. to 4.10 meq. per 
liter. It rose to 6.10 meq. in one day following discontinuance of the resin. The 
extensive crushing injury of this patient undoubtedly resulted in excessive liberation 
of tissue potassium, with the consequent rapid rise of the serum level. 

In patient W. C., 215 meq. of potassium were recovered from the stools over 
the four-day period of treatment, showing that large amounts of potassium were 
removed by this route. 

No significant complications of resin therapy were apparent. ‘Though all the 
patients were nauseated to some degree, they tolerated the resin well. This fact may 
in part have been due to the administration of small doses frequently. No diarrhea 
or fecal impactions occurred, and the few stools that were passed during resin 
therapy were semiformed, Although acidosis is a complication of resin therapy, there 
was no greater fall of the carbon dioxide content in the treated than in the untreated 


patients. This may have been due to the short duration of therapy 


COMMENT 


\Ithough the present series is small, the data present evidence that the use of 
cation-exchange resins is an efficient means of eliminating potassium from the body 
and decreasing high concentrations of this ion in the extracellular thuid. While the 
resin is useful in the treatment of existing hyperkalemia, it may also be of value 
in preventing an anticipated rise in concentration of potassium in the serum 

In the treatment of hyperkalemia the resin should be administered when the 
serum potassium level is 6 mleq. per liter or above and the urimary volume has not 
exceeded 500 ce. per day. In the selection of patients in whom it is to be used for 
prevention of hyperkalemia, several factors conditioning the rate of rise of the serum 
potassium level must be considered. If at the time of renal injury the cellular 
stores of potassium may be assumed to be low, as in cases of diabetic acidosis or 
prolonged vomiting, then the rate of rise of the serum potassium level may be slow 
and resin should be administered only when hyperkalemia develops. On the other 
hand, ina patient such as W. C., who suffered a crushing injury and who had normal 
cellular stores of potassium at the time of his trauma, rapid destruction of tissue 
may result in liberation of considerable quantities of potassium, to produce hyper 
kalenua in the first few days following the occurrence of the renal lesion. To this type 
of patient the resin should be administered early to prevent hyperkalemia. In a 
patient with acute renal failure following incompatible blood transfusion or ingestion 


of mercury, even though the cellular stores are normal at the onset the rate of rise 


of the serum potassium is slow and the serum potassium may not reach 6 mitq. per 


liter until after a week of oliguria. To these patients, resin should not be adminis 


tered until this level is reached. 
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kven when the urinary output approaches 500 ce. per day, the ability of the 
kidney to eliminate potassium may still be so impaired that the daily excretion ot 
this ion falls short of the amount released from cellular breakdown. Daily serum 
potassium determinations are of great value therefore in guiding therapy. For 
example, in 1. B. the level of potassium in the serum was promptly reduced by 
administration of the resin and hypokalemia might have occurred if the resin had not 
heen discontinued. Resin therapy should never be continued during the phase otf 
diuresis, as potassium deficiency may occur at this tmie When the resin is admin 
istered for more than a few days at a time, it is possible that acidosis may be 
aggravated by the liberation of ammonium. Under these circumstances frequent 
measurements of serum pH and carbon dioxide content should be carried out 
Furthermore, the absorption of the ammonium ions may be deleterious if there ts 
liver damage 

If nausea and vomiting are severe, the resin may be administered via a Maller 
\bbott tube placed in the yeyunum, We have successfully carried out this procedure 
ina patient with chrome pyelonephritis and hyperkalenua. Ielkinton and his asso 
ciates * have suggested the use of resin enemas, but the practical difficulties of this 


method frequently preclude its use 


SUMMARY 


Pen patients suffering from acute renal failure with oliguria were studied, General 
treatment was by conservative methods except that, in addition, four patients received 
by mouth an ammonium carboxylate cation exchange resin free from: potassium 

In the patients receiving no resin, the daily serum) potassium concentration 


uniformly rose. In the patients receiving resin the levels uniformly fell. lexcretion of 


potassium in the stool in one resin-treated patient amounted to 215 meq. over 


four days 
It is concluded that the use of cation exchange resins is an. efficient means 


reducing hyperkalenua or preventing its occurrence 


Dr. H. Roebling Knoch, of Smith, Kline & Erenel ihoratories, provided the Speci 
Resin No. 648 used ai this study. Dr. Carl F. Vilter gave permission to study patient I 
Drs. Paul Jelly and David Freiman, of the department of pathology, made interpretations 
the autopsy material 
a 

10. Callaway, J. J.. and) Roemmich, W Lower Nephron Nephrosis: Development  o 
Hypokalemia During Recovery, Ann. Int. Med. 37:784 (Oct.) 1952. Ravin, I. S.; Aronson 
P. R., and Yules, J. H Complications of the Diuretie Phase of Lower-Nephron Nephrosis 
Report of Case Manifesting Tetany, New England J. Med. 244:830 (May 31) 1951 

11. Gabuzda, &. J., Jr.; Phillips, G. B. and Davidson, C. S Reversible Toxic Mani 
festations in Patients with Cirrhosis of the Liver Given Cation-Exchange Resins, New England 


J. Med. 246:124 (Jan. 24) 1952 





EFFECT OF THERAPEUTIC IRRADIATION OF CARCINOMA OF 
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A S PART of a larger study of the lipid transport mechanism in health and ina 


vaniety of pathologic states, including that resulting trom exposure to tonizing 


radiations, it was thought desirable serially to observe changes in the hepatic tests 


of patients undergoing therapeutic radiation for cancet 


In the voluminous literature dealing with the systemic results of irradiation 
we were able to find no systematic studies of liver function and litthe unanimity on 
the presence or absence of hepatic participation in the systemic reaction to irradi 
ation. In most discussions of the relative radiosensitivity of various tissues. the 
liver is described as being radioresistant, though occasional reports suggest the 
opposite \s examples of the latter, hllinger has stated that the liver is exceed 
ingly radiosensitive (increased urobilinogenuria after ordinary — fluoroscopic 
examination) and levitt? has mentioned that patients with liver disease tolerate 
radiation poorly, exhibiting severe constitutional svmptoms when exposed to doses 


which commonly produce no untoward reactions mn patients tree of liver dystunction 


In radiation therapy, especially when multiple beams are used, much of the 
radiation absorbed is not delivered to the tumor region itself but to the surrounding 
normal tissue. This radiation contributes not to the destruction of the tumor but 
to the injury of the normal tissues of the tumor bed and if excessive may even 
inhibit healing processes following tumor modification. [It seems reasonable to 
assume that the constitutional effects of radiation are, in part at least, a function 
of the total energy absorbed by the body during the course of treatment rather than 
of the tumor dose. For this reason we have expressed the radiation absorbed by 
the patients as the integral, or volume dose, in megagram roentgens, as advocated 
by Mayneord 


This investigation has been supported, in by the United States Atomic Energy 


Commission 


From the Departments of Medicine and Radiology, The Tulane University of Loutsiana 
School of Medicine and Charity Hospital of Louisiana at New Orleans 

1. Ellinger, | Phe Biologic Fundamentals of Radiation Therapy \ Textbool 
York, Elsevier Pub. Co., 1941, p. 49 

2. Levitt, W. M., and others: Discussion on the Constitutional Effects of 
Special Reference to Volume Dose, Brit. J. Radiol. 15:99, 1942 


Radiation 


3. Mayneord, W. \ Energy Absorption, Brit. J diol 2235, 1941 
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Obviously it was not feasible to study the direct effect of radiation on the liver 
of man, because radiologists usually do not irradiate this organ even when it ts 
massively involved, not only because of the obvious hopeiessness of the situation 
but also because of the severe constitutionai effects which may occur. Accordingly, 
best to observe secondary effects, several standard tests of liver function were 
applied repeatedly to a group of patients receiving therapeutic irradiation for 
carcinoma of the cervix uteri. Patients with this disease were selected for the 
following reasons: 1. Adequate numbers of patients were available, making it 
possibie to include selectively some individuals with early disease which had pro 
duced no important systemic manifestations such as malnutrition, severe anemia, or 
interference with bowel or bladder function. No patient in whom the disease 
extended beyond the parametrium was included, 2. The focus of irradiation was 
reasonably remote from the liver, so that direct exposure was absent, scatter irradi- 
ation minimal, and changes encountered might be considered most likely secondary 
rather than primary effects. 3. The same zone of the body was irradiated in all 
patients ; thus changes in hepatic tests could not be attributed to varying tolerances 


of different regions of the body. 4. Large amounts of radiation were delivered 


by both x-radiation and radium therapy, and energy absorptions were high. 5. For 


technical reasons, as will be explained later, the patients fell into two distinct classes 
of energy absorption, a “high energy” group and a “low energy” group, the latter 
receiving about half the volume dose of the former. 

Because it was not known when changes were most likely to develop, examinations were 
made at frequent intervals early in the study, and after a degree of orientation was attained 
minimal observations included measurements (a) before any therapy, (>) after the series of 
X-ray exposures but before radium therapy (c) immediately after radium therapy, and (d) 
during the follow-up period. Patients were admitted to the hospital for the entire course of 
therapy, with three exceptions, patients who received the x-radiation as outpatients but were 
admitted for radium, which was always inserted under saddle block anesthesia. The ward (or 
the usual home) diet was ingested during the x-ray period, and a special low-residue diet was 
given during the days of radium treatment 

The patients in this series were treated in accordance with the plan of radiation therapy for 
carcinoma of the uterine cervix employed at Charity Hospital, consisting of 24 x-ray treatments 
to the pelvis in a total time period of about 30 days followed by radium therapy. The x-ray 
therapy was administered through six fields, two anterior, two posterior, and two lateral, all 
directed perpendicularly so as to cross-fire the lateral edge of the parametrium. The following 
factors were used: 400 ky.; composite filter (Thoraeus), yielding a half-value layer of 5 mm. 
of copper, and a focus-skin distance of 50cm. A precalculated tumor dose of 3,000 r was admin 
istered to the lateral edge of the parametrium in the region of Standard Reference Point B, 
located 5 cm. from the midline at a level 2 cm. above the lateral fornix 

Two different x-ray techniques were used. Vor patients of small pelvic dimensions the 
anterior and posterior fields measured but 5.5 by 10 em., while the lateral fields measured 
10 by 10 cm. In the event that the patient’s pelvic dimensions were such as to preclude the 
delivery of the tumor dose without exceeding our maximum allowable skin dose for the anterior 
and posterior fields, of 3,300 r, a different x-ray technique was employed. The technique for 
patients with large pelvic dimensions consisted of six larger fields, all 10 by 15 cm., arranged 
in the same fashion as was the case with patients with small pelves. The same tumor dose, 
of 3,000 r, was delivered. However, it is to be noted that because of the increased size of the 
fields, as well as because of the increased mass of pelvic tissue irradiated, the energy absorption 
in patients with large pelvic dimensions was much higher than was the case with patients with 


small pelves. 
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a tandem in 


Radium therapy was administered following the x-ray therapy in the form of 
the cervical canal and Regaud type (Kaplan) colpostats containing radium in the vaginal vault. 


This was given as two applications of 50 hours each, with a 24 to 48 hour rest period between 


the applications, the total time extending over a period of five to six days. The quantities of 


radium and their distribution were vacied to suit the anatomical dimensions and were calculated 


to deliver a constant dosage of 6,000 r to the paracervical triangle, Standard Reference Point A, 


located 2 cm. from the midline at a level 2 cm. above the lateral fornix. For these anatomi 
reasons, the exposure in milligram hours varied somewhat from patient to patient. 
for the x-radiation and the 


The unit here is the 


The integral or volume dose of energy absorbed was calculated 


radium therapy in megagram roentgens, after the method of Mayneord 


gram roentgen, which is the real energy conversion when | roentgen 1s delivered to 1 gram 


of air or soft tissue, since the energy 
In practice, the megagram roentgen (1,000,000 gram roentgens) is more convenient 


conversions for the two are approximately the same 


kor x-ray 


therapy, the formula of Mayneord ® 
116d 
1.44 D.Ad% (Po. — Pe) | 1 
ey the integral dose in gram roentgens 
1), the surtace dose in roentgens ; 
A area of the field in centimeters ; 
d= that depth of tissue at which the dose 


] was used, in which 


is reduced to ™% the surface value 
P, and P. are the percentages of radiation 

on the surface and at the exit, respec 

tively ; 

the target-skin distance 


radium therapy, we have used the value 1,545 


To compute the energy absorptions trom the 
between the figure 1,640 gram 


gram roentgens per milligram hour. This is a compromise 
roentgens calculated by Mayneord 4 and the 1,450 gram roentgens per milligram hour calculated 
> Admittedly these figures are only approximate and do not take into account individual 


by Bush 
refinement was indicated for the purpose 


anatomic variations, but it was not felt that further 


of this study. 


The following tests were applied to patients in the postabsorptive state before therapy, and 


at intervals during and after irradiation. 

1. Sulfobromophthalein ¢(Bromsulfalein) retention. The 5 mg. per kilogram 45-minute test 
was applied,“ dye concentrations being measured with the Coleman Jr. spectrophotometer 
Retention of more than 6% of the dye at 45 minutes was considered to be abnormal 


7 was accomplished with Difco antigen 


elimination of photosensitivity effects, as described by Neefte and Reinhold. Only 
or more were considered to be positive 


The cephalin-cholesterol flocculation test of Hanger 


and with 
the 24-hour reading was employed, and reactions of 1 
3. Thymol turbidity was determined, as deseribed by Maclagan,® at pH 7.8, using the barium 


sulfate standard of Shank and Hoagland.'!° Thymol flocculation was also read.!!| Normal sera 


yielded readings of less than 6 units and flocculation was absent 
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4. The zine turbidity test of Kunkel Ni mploy as a roughly quantitative index to 


gamma globulin concentrations. Values in excess of vere considered to be abnormal 


Potal serum bilirubin was measured by tl wethod of Malloy and Evelyn,'* as modified 
by Ducer and Watson,'* and levels in excess of mg. per 100 ml. cf serum were considered 
abnormal 

6. Total serum lipids were estimated by the phenol turtadity test of Kunkel.!® While hardly 
a test of liver function per se, the frequency with which changes in serum lipids have been 
reported in states of liver dysfunction warranted inclusion of this test. Normal postabsorptive 


values in our laboratory ranged from 550 to 750 mg. per 100 ce 


RESULTS 


In no patient did the thymol turbidity, thymol flocculation, or total serum 
Inhirubin change significantly from the control values during the course of irradi 
ation, but sulfobromophthalein retention, total lipids, cephalin flocculation, and 


zinc turbidity showed alterations which are discussed below. 


In the Table are presented compositely certain clinical and experimental data 


lor the 15 patients. The patients are arranged from top to bottom: in ascending 
magnitude of total energy absorption in megagram roentgens, and the presence of 
the two classes is evident—the “low energy” group, of those who absorbed between 
25.5 and 28.3 megagram roentgens, and the “high energy” group, of those who 
absorbed between 50.5 and 63.1 megagram roentgens 

\s the Table indicates, 10 of the 15 patients showed definitely increased sulfo 
bromophthalein retention after treatment as compared to the control value and the 
other 5 showed no noteworthy change. Three patients exhibited abnormal retention 
hefore therapy, and, of these, two showed further increases later, while the third 
did not 

In the “high energy” group all six showed increased sulfobromophthalein reten 
tion of 9% or more above control values, whereas the “low energy” group of nine 
patients included all of the five who showed no significant increase, three who 
showed modest increases, and only one who showed a marked increase. 

The significance of the distribution of sulfobromophthalein retention between 


the two groups was evaluated statistically. Determination of the exact probability 


for the occurrence of this difference by chance showed it to be highly unlikely — 14 
times im 10,000 
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In Figures 1 and 2 are presented the composite sulfobromophthalein test data 
for the two groups, the six patients of the “high energy” group (Fig. 1), and the 
nine patients of the “low energy” group (Fig. 2). For purposes of comparison the 
treatment schedules of all patients have beea adapted to a mean schedule which 


closely approximates that of each person. Zero day on the abscissae of the graphs 


A 


rodium 


Fig. 1.—Results of serial measurements of sulfobromophthalein retention of patients receiving 
radiation therapy: the six patients of the “high energy” group 


50 60 70 80 90 | 


hig. 2—Results of serial measurements of sulfobromophthalein retention of patients receiving 
radiation therapy: the nine patients of the “low energy” group 


is the day on which radium was first applied. The main peak of sulfobromophtha- 
lein retention appeared quite consistently near a time when the maximum cumu- 
lative effect of radiation might be expected. 

The total serum lipids measured by the lipid turbidity technique indicated 


decreases in 5 of the 15 patients. The ward diet of about 2,000 calories was ingested 
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during the period of x-irradiation, and during the period of radium implantation a 
special low-residue diet was substituted. The net effect of this change resulted 
in a reduction of caloric intake to about 1,000 calories daily for five days. Through 
out the entire period of observation the fat content of the evening meal was kept 
at a minimum to obviate the po&sible effect of delayed absorption on serum lipid 
concentrations. 

\ control study of six patients free of organic disease indicated that on the 
identical ward diet day to day variations in the postabsorptive serum lipids 
amounted to less than 100 mg. per 100 ce. above or below the arithmetic mean 
value for a given individual and that the special low-residue diet induced no 
discernible drop in lipids. 

Ten of the patients showed no definite changes in serum lipids while under 
observation, and the data for the other five are presented graphically in Figure 3 
The drop in lipids, when encountered, was temporarily related to radium implanta 
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hig. 3.—Serial measurements of total serum lipids of the five patients who showed significant 
changes while receiving radiation therapy 


tion, and, in our opinion, cannot be accounted for by the change in diet or by the 
minor manipulation attendant upon radium implantation (cervical dilatation under 


saddle block anesthesia ). 


Cephalin Flocculation Tests ——All 15 patients studied had negative reactions 
during the control period, In 10 of these the test remained entirely negative through- 
out the treatment and follow-up period, and five showed variations which are sum 
marized as follows: Three developed 4+ reactions on the 15th, 16th, and 17th 
days after the removal of radium. Two of these had shown conspicuous sulfo 
bromophthalein retention and the third had not. A fourth patient (B.I°.) showed a 
transitory 2 + reaction while the radium was in situ, and the fifth (W.1.) showed 
a negative reaction in the control period, which became positive after six x-ray 
exposures and remained positive through the 20th day after radium removal. This 
patient, incidentally, had high zine turbidity values and retained 23% of sulfo 
bromophthalein before irradiation 
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Zine Turbidity Test.-In a control series of six psychoneurotic patients with 
no evidence of organic illness who were studied at frequent intervals over periods 


of one month, the turbidity varied no more than 2 units at average levels of 12 units 
> 


or less in five patients and in one patient it varied 3 units at an average level of 


17 units. The zinc turbidity values of the irradiated patients were characterized by 


considerably wider fluctuations than were observed in the control series. but. no 


"Ze" 24°20 16 12'6' 4" 
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4. Serial estimation Ink irbidity te rani lobuli ot five patients 


ved marked change Viitie rece 


completely consistent pattern was evident n igure 4 are presented graphically 
the data for the five patients exhibiting the most striking changes Phere appears 
to a tendeney for the zinc turbidity t s¢ during the first two and one-halt 
weeks of x-radiation therapy and for this 1 be succeeded by a fall near the 
tine of radium therapy. This type of change did not occur in the other 10 patients, 
and was not systematically related to enerev ab . since four of 


patients who showed maximal variation wet he “low energy” group. 
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COMMENT 


The data indicate the frequent occurrence of significant retention of sulfo 


bromophthalein in the course of therapeutic irradiation of patients with cancer of the 


uterine cervix, *Phis retenuon was more marked in a group of patients whose 


energy absorptions were high than in a “low energy” group and was not associated 
with clinically observed nutritional disturbances or radiation illness. “The mechan 
ism of this transitory disturbance is not clear. It seems unlikely that the change ts 
mediated through a primary hepatic radiation effect; more probably the liver is 
responding to tissue necrosis or stress incident to radiation or perhaps to more or 
less specific chemical substances created by ionizing radiations in tissues. That 
such substances are formed in tissue by radiation ts a tenable hypothesis and possibly 
explains the remote effects of radiation occasionally encountered when the exposure 
of a highly sensitive tumor is followed by marked shrinking of tumor tissue in a 
remote area. Perhaps the radiomimetic attributes of the nitrogen mustard series are 
related to the similarities of such substances to the reactive groups formed in tissue 
by 1onization 


Transient occurrence of positive cephalin flocculation may indicate alterations 


of plasma proteins of the type associated with parenchymal liver disease and ts 


compatible with the observations of Butler and Crenshaw,'’ who found a high 


incidence of positive cephalin tests in x-ray workers. Inconsistent drops im total 


serum lipids may be a manifestation of liver injury and reduced hepatic synthesis 


of lipids resulting from irradiation. Scattered increases in the zine turbidity test 


indicate increases in serum gamma globulin, perhaps a result of dissolution of 


lymphoid tissue, with release of this proteim 


SUMMARY 


Fifteen patients with carcinoma of the uterme cervix were studied serially wath 


several standard liver function tests as they underwent therapy with x-ravs and 
radium 
Increased retention oft sulfobromophtl aleimn bromsulfalein), above: ¢ 


ues, was Observed in 10 of the 15 patierits 


This retention was significantly more often present in oa group whose total 
Ss ~ 


were high than moa group with com 


energy absorptions from ionizing radiation 
paratively low energy absorptions 


\ decrease in the concentration of total serum) lipids occurred near the tine of 


radium treatment m 3 of the 15 patients 
Scattered changes in the concentratior rum gamma globulin, as measured 

by the zine turbidity test, and the oceasional development of positive cephalin test 

were observed 

the | system ponse to radiaton 
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TREATMENT OF RHEUMATOID ARTHRITIS WITH P-AMINOBENZOATE 
AND ACETYLSALICYLIC ACID 


CHRIS J. D. ZARAFONETIS, M.D. 
WILLIAM A. STEIGER, M.D. 


1. W. GINSBURG, M.D. 


PHILADELPHIA 
AND 


ARTHUR J. HEATHER, M.D. 
WILMINGTON, DEL 


kASURES introduced for the treatment of rheumatoid arthritis have two 
points of major interest and value. First, any treatment which may mitigate 
the symptoms and contribute to the rehabilitation of persons suffering with this 
disorder possesses intrinsic merit. Second, the demonstration that an agent, or a 
combination of agents, can modify certain manifestations of rheumatoid arthritis 
may further contribute to the over-all knowledge of the pathologic physiology of 


this disease of unknown etiology. It appears warranted, therefore, to report at this 


time data which indicate that p-aminobenzoic acid and acetylsalicylic acid, in appro- 
priate combination, are capable of producing beneficial effects in a significant pro- 
portion of patients with active rheumatoid arthritis. 

The considerations which led to the use of this particular combination of 
therapeutic agents stem largely from a long-range study of the clinical effects of 
p-aminobenzoic acid. This substance is a member of the B-complex group of vita- 
mins and is a normal constituent of many foods. During World War I], massive 
doses of p-aminobenzoic acid were shown to be of value in the treatment of the 


' Since that time, encouraging results have been obtained 


rickettsial diseases of man 

in a diverse group of clinical disorders,’ including certain forms of lupus erythema- 

tosus,* active dermatomyositis, and scleroderma.‘ In 1946, Dr. Theodore’ E. 
a 

This study has been aided by a grant from an anonymous benefactor. 

From the Department of Medicine, Temple University School of Medicine (Drs. Zarafonetis, 
Steiger, and Ginsburg) and the Delaware Hospital (Dr. Heather). 
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Woodward * told of using p-aminobenzoic acid in cases of acute rheumatoid arthritis 
with suggestive results. Shortly thereafter, Zarafonetis and Robinson ° undertook 
an evaluation of p-aminobenzoic acid in arthritis. Seven patients were treated with 
24 gin. daily of sodium p-aminobenzoate for a minimum of four weeks. The improve 
ment was not striking. In facet, just prior to the ‘trial of p-amincbenzoic acid 
Robinson * had treated all of the subjects in a similar evaluation of large doses of 
salicylates (Coburn regimen). It was concluded that the results with p-amino 
benzoic acid were not as good as those obtained with salicylates. The study was 
suspended at that point, without using the two compounds together 

Interest regarding p-aminobenzoic acid treatment of arthritis was reawakened 
by the report of Wiesel and his associates * that treatment with p-aminobenzoic acid 
and small doses of cortisone gave suboptimal suppression of symptoms. Neither 
substance was effective when administered alone in the dosages employed. Because 
of the possible implications of this work and of the importance of confirming another 
p-aminobenzoic acid effect, it was considered worth while to investigate the com 
bination of p-aminobenzoic acid and cortisone. .\ecordingly, a bedridden, totally 
incapacitated, febrile Negro woman, who had sutiered from arthritis for 14 years, 
was selected as the first patient to be placed on the program (Case 1 below). This 


patient received 25 mg. of cortisone intramuscularly daily and 12 gm. of sodium 


p-aminobenzoate tablets to conform to the regimen of Wiesel and his associates.* 
Within two weeks the patient was afebrile and the joint symptoms had diminished 
It was discovered at this time, however, that the patient was also taking acetylsali 
cylic acid (Aspirin) tablets, which had become a habit over the years of pain. The 


use of acetylsalicylic acid was stopped, and fever and pain reappeared. Thus the 


problem which seemed simple enough at the outset became more complicated with 


the very first patient. It was evident that salicylates, which had been ineffective 
alone, enhanced the p-aminobenzoic acid-cortisone effect, so that an evaluation of 
several combinations became necessary 

The present report deals with the results obtained in the treatment of 44 patients 
with rheumatoid arthritis during the past 1&8 months. The therapeutic regimen 
consisted primarily of p-aminobenzoic acid and acetylsalicylic acid, but some patients 
also received small doses of cortisone, especially during the earlier phases of the 
study 


METHOD AND MATERIALS 


Initially, patients with rheumatoid arthritis were selected trom the medical wards and 
arthritis clinic of Temple University Hospital. These were generally patients whose disease 
was far advanced and had progressed over the years despite several courses of gold, blood 
transfusions, antibiotics, etc. This selection was purposeful, since it was sought to evaluate the 
proposed therapy under the most trying circumstances. It also tended to minimize the possibility 
of spontaneous remissions or of psychotherapeutic improvement 

Phe amount of clinical material available was limited. When it became evident, therefore 
that the combined therapy held some promise, the program was expanded to include two addi 
tional groups of patients. One group was comprised of the private patients of one of us (I. G.) 

Ee 

5. Woodward, T. E.: Personal communication to the author 

6. Zarafonetis, C. J. D., and Robinson, W. D Unpublished data 

7. Robinson, W. D.: Unpublished data 

8. Wiesel, L. L.; Barritt, S., jr, and Stumpe, W. M.: The Synergistic Action of Para 
Aminobenzoic Acid and Cortisone in the Treatment of Rheumatoid Arthritis: A Preliminary 
Report, Brooklyn Hosp. J. 8:148-152 (July-Sept.) 1950 





IRCHIVES fF INTERNAL MEDICINE 


the other consisted of the clinic and private patients of A. H., of Wilmington, Del. This gave 
an added advantage, viz., the therapy was simultaneously assessed by three groups of investi 
gators, in two different cities 


It should be noted, moreover, that only three patients were hospitalized during the major 


portion of treatment. One of these had been bedridden in Temple University Hospital for 
more than four months prior to imtiation of p-aminobenzoate acid, acetylsalicylic acid, and 
cortisone therapy. Another was treated with analgesics including acetylsalicylic acid for three 
weeks, then with periods of added cortisone or of p-amimobenzoic acid for three months before 
combined therapy was begun. A third patient was hospitalized for two weeks at the beginning 
of treatment. Thus, the study was performed primarily on an outpatient basis 

In the early months of the study, most patients were placed on p-aminobenzoic acid, acetyl 
salicylic acid, and small doses of cortisone. When it became apparent that p-aminobenzoic acid 
and acetylsalicylic acid were generally sufficient, cortisone was not used. In many patients who had 
previously been on maintainence therapy with cortisone, the dosage of cortisone was gradually 
reduced as the p amunobenzoic acid and acetylsalicylic acid took effect except for occasional 
antacids and for physical therapy in three patients, no other therapy was used 

The potassium salt of p-aminobenzoic acid was given in six doses daily of 2.0 gm. each. 
Generally 20 cc. of a 109% solution of potassium p-aminobenzoate was taken with each meal 
and midmorning, midatternoon, and at bedtime. A few patients preferred to take sodium 
p-aminobenzoate '” tablets. It appeared that the sodium and potassium salts were interchange 
able and that the results were independent of the cation used. However, since potassium 
p-aminobenzoate generally causes less nausea and does not contribute to water retention, its 
use is preferable in older subjects"! 

\cetylsalicylic acid was administered in a dosage of 0.6 gm. four times a day, usually to be 
taken at mealtime and at bedtime. If gastric distress arose, the dosage was reduced or, occa 
sionally, enteric-coated acetylsalicylic acid was used 

Cortisone,'* when part of the regimen, was given orally to all except two of the aforemen 
tioned hospitalized patients. The latter received it by the parenteral route in order that placebo 
medication (cholesterol !°) might be readily substituted. The dosage rarely exceeded 25 mg. 
per day 

Patients were classified anatomically, funetionally, and therapeutically according to the 


standards of the American Rheumatism Association Since these standards appear to us to be 


primarily intended as a safeguard against claims of cure of rheumatoid arthritis, they tend to 


underestimate improvement im function when the disease still reveals signs of activity. Since 
no claim of cure is to be made, we have added our own classification of functional improvement 
in an attempt to show more clearly that combined therapy with p-aminobenzoic acid and acetyl 
salicylic acid frequently affects a great deal of tunctional betterment, although signs of con 
tinued activity of the disease may persist 

Laboratory studies included trequent determinations of the p-aminobenzoic acid and acetyl 
salicylic acid '4 level, 17-ketosteroid excretion, absolute eosinophile count, erythrocyte sedimen 
tation rate, hemoglobin, hematocrit reading, and total white blood cell and differential cell count 
a 

9, The potassium p-aminobenzoate (Potaba) used in this study was contributed by the 
Glenwood Laboratories, Teaneck, N. J., and by Wyeth, Inc., Philadelphia. 

10. Sodium p-aminobenzoate tablets and cholesterol tor placebo injection were supplied by 
Wyeth, Inc., Philadelphia 

11. Zarafonetis, ¢ }. D.: Johnwick, FE. B Kirkman, |. W., and Curtis, A. C Para 
aminobenzoie Acid in Dermatitis Herpetiformis, A. M. A. Arch. Dermat. & Syph. 63:115-132 
(Jan.) 1951 

12. The cortisone administered to these patients was provided by Merck & Company, Inc 
Rahway, N. J 

13. Stembrocker, O.; Traeger, CC. H., and Batterman, R Therapeutic Criteria in 
Rheumatoid Arthritis, J. A. M.A. 140:659-062 (June 25) 1949 

14. Keller, W. J., Jr \ Rapid Method for the Determination of Salicylates in Serum 
or Plasma, Am. |. Clin. Path. 17:415-417 (Mav) 1947 
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RESULTS 


The results of therapy are summarized in Tables 1 and 2. Improvement was 


observed in 34 of the 44 patients treated and was characterized by decrease in joint 


pain, heat, swelling and tenderness; diminution in size of subcutaneous nodules : 
mereased range of motion; defervescence of fever when present, and often by strik 
ing weight gain 

Vhe following three case reports, one from each study group, will serve to 


illustrate many features of the response observed in these patients 


Case 1 (Patient 1 in Group .1)—M. J.. a 40-year-old Negro woman, experienced the onset 
of rheumatoid arthritis in 1938. Activity of the disease waxed and waned over the vears, and 
therapy consisted primarily of injections of a gold preparation during periods of exacerbation 

In June, 1950, a severe relapse occurred. The patient's course was steadily downhill despite 
further gold therapy and one period of hospitalization for 50 days. On Feb. 1, 1951, the patient 
was again hospitalized at Temple University Hospital. She was treated with oxytetracyelin 
(Terramycin), relaxin, globin, and lysine, without significant improvement 

Qn June 4, 1951, after four months of continuous hospitalization therapy with sodium 
p-aminobenzoate, 12.0 gm. per day was begun, and a single daily injeetion of 25 mg. of cortisone 
was added three days later. At this time the patient was febrile, with hot, swollen, and tender 
joints. The patient was unable to get out of bed or to get on a bedpan. The position of the hands 
was almost fixed, with pronation and supination practically absent. There was flexion deformity 
of both knees 

On June 14, 1951, 10 days after the beginning of therapy with sodium p-aminobenzoate and 
corusone, the patient became afebrile (Chart). By the end of June the patient was able te 
walk and to get up from a toilet without help 

On July 5, 1951, it was first noted that the patient was also taking acetylsalicylic acid daily 


out of habit. Thus, during the initial pertod of improvement, therapy had consisted of 12.0 gm 


sodium p-aminobenzoate, 2.4 gm. acetylsalicylic acid, and 25 my. cortisone subcutaneously daly 
When the use of acetylsalicylic acid was discontinued, on July 5, 1951, the patient rapidly 
relapsed. The use of acetylsalicylic acid was resumed on July 13, and once again the patient 
became afebrile and showed subjective and objective improvement 

Several experimental periods were instituted in which one or more of the agents, sodium 
pP-amin benzoate, acetylsalicy li AC id, and cortise ne, Was omitted (cholesterol injections were 
substituted for cortisone). From the results of these periods of study it appears that during the 
initial course of therapy all three agents were necessary for maximal suppression of activity 

On Jan. 17, 1952, therapy with cortisone was permanently discontinued. The patient wa 


Isahievliec acid, with continuing improvement. She was 


given sodium p-aminobenzoate and acety 
discharged from the hospital on Feb. 20, 1952, and has been treated as an outpatient since that 
time Phe use of sodium p-aminobenzoate was discontinued upon discharge. By May of 1952 
(three months on acetylsaheyvlic acid therapy alone), a gradual relapse had occurred. Reinstitu 
tion of sodium p-aminobenzoate given along with acetylsalicevlic acid was followed by remissior 
Phe patient is at present taking 10 gm. of sodium) p-aminobenzoate daily in five divided dose 
plus 1.2 gm. of acetylsalicylic acid. She ts doing all | housework. Thus, this patient’s disease 
has not relapsed, except during experimental period ft drug withdrawal from June, 19 intil 
October, 1952. Aside from greatly increased strength and mobility and diminished heat velling 
and tenderness of the involved joints, certain objective evider of improvement are 
Phe patient remains afebrile and has gained some 35 | 6 kg.) during the 1&-mo 
of therapy to date 

Case 2 (Patient 18 in Group B).—C. S., as 
arthritis of 10 vears’ duration involving shoule 
admitted to Temple University Hospital o1 
this disease 

His previous therapy consisted of a course of gold in 7 injections of desoxycorti 
costerone acetate (Doca) and ascorbie acid in June } luring which time the knees hecame 


more painful and swollen than at any time previously vo ses of corticotropin 
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1950) (800 10-day period on each 


August 


100 to 150 mg. daily by 


during and September, mg. over a 


cortisone, injection for veeks in 


The latter gave him relief of pain except for t In January, 1951, he 
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was present in these joints and in the finger joints. A moderate amount of atrophy of the 
musculature of the extremities was evident 

The patient was treated with gold sodium thiomalate (Myochrysine) for 10 weeks (total dose 
350 mg.) together with salicylates, with no change in the physical findings and with little relief 
of symptoms. He was unable to perform kis work as a clerk 

He was readmitted on July 9, 1951, and on July 13, therapy was started with potassium 
p-aminobenzoate, 1 gm. six times daily, and acetylsalicylic acid 0.66 gm. and sodium bicarbonate 


0.3 gm., four times a day, at four-hour intervals. On July 14, the potassium p-aminobenzoate 
. : I 


Taste 2.—Kesults of p-Aminobenzoic Acid and Acetylsalicylic Acid Therapy of Forty-Four 
Patients with Rheumatoid Arthritis 


Result of Therapy 


Group Excellent Good Fair Poor Total 
13 
1? 
19 


* Total improvement 34, or 77% 
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Results of therapy of rheumatoid arthritis with p-aminobenzoic acid, acetylsalicylic acid, and 
cortisone (Case 1) 


was increased to 2 gm., six times daily. Marked improvement was noted within a few days, 
that is, the nocturnal joint pain which previously awakened him had disappeared and there was 
less stiffness and pain in all the involved joints. By July 27, he was markedly improved. The 
fluid in the knees had diminished until only a questionable small amount on the right remained 
The patient was able to walk up and down steps without discomfort, and the previous positive 
“flop test’ was no longer present. There were no symptoms in the upper extremities except 


1 


mild stiffness in the wrist and fingers upon arising in the morning 

The patient was discharged om Aug. 3, 1951, continuing his medication with progressive 
improvement and returning to work in September, 1951. Maximum improvement was reached 
in December, 1951, at which time he had no symptoms except mild morning. stiffness and no 
evidence of the disease in the knees, with a marked decrease in the periarticular thickening 
of the midphalangeal and wrist joints. The joints have remained unchanged since December, 


1951. Occasionally, in the past year, the patient has had temporary distress, for four to six 
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hours, in the right knee, unaccompanied by swelling, heat, or tenderness. Hard physical labor 
over several hours, such as digging a trench, has not produced joint symptoms 

Therapy has to date been uninterrupted over a period of 18 months (12 gm. potassium 
p-aminobenzoate daily and salicylates) without toxic manifestations 

Case 2 (Patient 31 in Group C).—L. L., a 60-year-old white man, had the first attack of 
rheumatoid arthritis in 1940, with spontaneous remission in 1941. The onset of the present attack 
of arthritis was in June, 1947, At first, both knees were involved, but within 30 days the disease 
had spread to the ankles, shoulders, elbows, and hands. By July 2, 1947, the patient was bedftast 
and unable to help himself 

Therapy between 1947 and September, 1951, consisted of gold sodium thiosulfate 1,500 mg., 
pregnenolone, and two courses of cortisone, with 75 mg. being given daily from June 26, 1950, 
to Sept. 12, 1951. Cortisone relieved the joint pains, but the joints remained stiff and swollen 

On Sept. 21, 1951, the patient was bedfast and had to be bathed and helped on and off the 
bedpan. On this date, therapy with potassium p-aminobenzoate, 2 gm. six times daily, and 


acetylsalicylic, 0.6 gm. four times daily was begun. Cortisone was reduced to 6 mg. twice a day. 


Sy Oct. 6, 1951, muscle spasm was nearly absent but heat and swelling were unchanged. On 
Oct. 16, 1951, the patient was able to get out of bed with assistance and could walk with crutch 
support. 

By Nov. 18, 1951, the patient was able to get out of bed and arise from a chair without 
assistance, Joint swelling and heat had entirely disappeared. He was able to stand alone but 
required crutches to walk. At this time, cortisone therapy was stopped and p-aminobenzoic acid 
and acetylsalicylic acid were continued at the same doses 

On Dec. 22, 1951, the patient was able to manage stairs with crutch support and drove his 
car for the first time since 1947. He is unable to walk without crutches owing to knee pain. 
Roentgenographic studies at this time revealed complete destruction of the articular cartilages 
of the knees 

On March 18, 1952, the muscle tone was greatly improved, with fair grip in the hands, and 


the patient was able to walk by holding the back of a wheel chair. He received hydrocortisone, 


1e 
25 mg. in each knee joint, with relief of knee pain. p-Aminobenzoic acid and acetylsalicylic 


acid therapy was continued as outlined above. 

On April 12, 1952, the patient had acute gastroenteritis. ~-Aminobenzoic acid and acetyl 
salicylic acid were withheld, and by April 20, 1952, the patient was again confined to bed owing 
to generalized recurrence of joint swelling, heat, and pain 

Use of p-aminobenzoic acid 12 gm., aspirin 2.4 gm. daily, and antacids was started on April 25, 
1952. By May 26, 1952, the joints were again asymptomatic, and the patient was out of bed 
on crutches and able to drive his car. Durimg this time the patient received 37.5 mg. of hydro- 
cortisone intra-articularly at three- to four-week intervals to relieve the knee pain 

On July 19, 1952, the patient was much stronger generally, with no joint heat or swelling 
present. He used crutches when outside, but in the house pushed his wheel chair to steady 
himself. He drove his car daily. General improvement continued with the use of p-aminobenzoic 
acid 6 gm. daily and acetylsalicylic acid 2.4 gm. daily. 

\t present, examination of the joints reveals no heat or pain, except for knee pain which 
is relieved by hydrocortisone given at four-week intervals. The patient can walk well with 
crutch aid and drives his car on trips of 100 miles. Slight residual flexion deformity of the 


right elbow persists, and most of the interphalangeal joints show bony ankylosis. 


The beneficial effects seen in the above patients and in the other improved 
subjects have been maintained as long as treatment has been continued. Since the 
majority of subjects have now been treated for a year or more, it is unlikely that 
seasonal variations, spontaneous remissions, or psychotherapeutic suggestion have 
constituted the principal factors which brought about the observed improvement. 

The causal relationship between therapy and response is further supported by 
the observation in several cases that the withdrawal of p-aminobenzoic acid (for 
example, Cases 1 and 3 above) or the substitution of placebo therapy resulted in 
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gradual but definite relapse. Resumption of p-aminobenzoic acid administration 
was followed by another period of disease suppression in each instance 

\lthough striking improvement was occasionally seen after two or three weeks, 
the more usual course was gradual betterment which culminated in’ significant 
improvement after three months of treatment. Actually, if all patients who received 
p-aminobenzoic acid and acetylsalicylic acid for less than three months are excluded, 
the incidence of improvement is 100%. All patients in whom there was no improve 
ment and whose functional result has, therefore, been classified as “poor” took the 
p-aminobenzoic acid and acetylsalicylic acid for less than three months. In the 
majority the total duration of therapy was much shorter than this. The reasons 
for inability to continue therapy are threefold: (1) toxicity, (2) lack of cooperation, 
and (3) preference for another therapy, usually cortisone. 

Table 3 illustrates the number and type of untoward reactions encountered. 
Toxic reactions were relatively few and were readily reversible. There were no 
toxic manifestations which have not already been described for the respective com 
pounds, Tinnitus as a sign of salievlism was rare with the dosages employed. Gastric 


irritation was occasionally noted and seemed to be due more to acetylsalicylic acid 


TasBLe 3.—U'ntoward Reactions Encountered During Therapy with p-Aminobensote Acid and 
Acetylsalicylic Acid in Forty-lour Patients with Rheumatoid Arthritis 


Reaction Patients, No 


® 


(rastrointestinal (principally nausea) 
Cutaneous 

Urticaria é 

Exacerbation of previous gold rash 


Subjective complaints (ehilliness without fever) 


Total 
* Four patients found it necessary to stop therapy 


than to the p-aminobenzoate. One patient complained initially of a burning sensation 
on swallowing the solution of potassium p-aminobenzoate but was eventually able 
to continue treatment with less discomfort. .\ patient with rheumatoid arthritis and 
rheumatoid spondylitis and history of peptic ulcer experienced bleeding while taking 
cortisone, acetylsalicylic acid, and p-aminobenzoic acid. [lis case is not included in 
this report, but it appears pertinent to mention that he has since resumed therapy, 
substituting enteric-coated salicylate for acetylsalicylic acid, without further diffi- 
culty. Another patient complained of loss of the sense of taste, with recovery after 
the p-aminobenzoic acid-salicylate therapy was discontinued. 

\Ithough drug fever, drug rash, and spontaneous hypoglycemia have been 
encountered during therapy with doses of 12 to 24 gm. daily of p-aminobenzoic 
acid,'' such reactions were not observed in this group of patients. The mechanism 
by which hypoglycemia is produced is not known, but it is particularly prone to 
occur if the administration of p-aminobenzoic acid is continued while the patient 


is nauseated and anorexic or is not eating well for any other reason. The hypo 


glycemia may be severe, but it is readily reversible if recognized and promptly 


treated. Furthermore, this potential complication may be avoided by simply instrue 
ting the patient to omit medication during periods of unusually low dietary intake. 
\nother intresting phenomenon has been observed occasionally in patients who 


receive p-aminobenzoic acid after having had previous gold or other heavy metal 
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therapy.‘ In patients with lupus erythematosus previously treated with gold or 
bismuth there may be a transitory febrile response upon administration of p-amino- 
benzoic acid. In subjects who have had a gold eruption with residual hyperpig- 
mentation there may be a flare-up in the site of previous skin involvement. This 
was observed in one patient of the present series. After temporary interruption of 
therapy the administration of p-aminobenzoic acid was resumed and gradual fading 
of the eruption followed. At the same time, there was progressive improvement of 
the patient’s arthritic manifestations. 

It is of interest, moreover, that the reaction rate in patients known to have had 
previous gold therapy was over two times as high as in those known not to have 
received such treatment. This does not preclude patients previously treated with 
gold from the program of therapy, since the reactions are usually transitory and 
mild and since many of the patients reported as successfully treated herein had had 
large amounts of gold therapy previously. 

Lack of cooperation was encountered chiefly in patients selected from the clinic, 
where previous treatment had been likewise unsuccessful. In a few instances, the 
briny taste of the potassium p-aminobenzoate and the necessity of taking six doses 
per day were factors involved in this unwillingness to persist with treatment. 

Two patients were encountered who appeared to be “addicted’’ to cortisone. 
Attempts to withdraw this drug abruptly were resisted, especially when a rapid 
relapse occurred before the p-aminobenzoic acid and acetylsalicylic acid therapy 
had an opportunity to exert its own action. It appears advisable to withdraw 
cortisone gradually when substituting the p-aminobenzoic and acetylsalicylic acid 
regimen. 

It may be noted in Table 1 that Group A had a somewhat higher failure rate 
than Group B and Group ©. This is fairly attributed to the inclusion of some 
patients in Group A for whom the diagnosis of active rheumatoid arthritis was 
doubtful. These patients were in the older age group, and their rheumatic com 
plaints proved in time to be primarily osteoarthritic in nature. The proportion of 
patients who achieved excellent and good results in Groups B and C is very similar 
though these two groups were studied by different observers in different cities. 

Weight gain was an outstanding feature in many patients. For 21 of the patients 


the average weight gain was 15 Ib. (6.7 kg.). Consistent gain of 3 to 5 Ib. (1.3 to 2.3 


kg.) per month was not unusual. Increases of 28, 22, and 21 Ib. (21.6, 15.7, 


12.6, 9.9, and 9.5 kg.) have been recorded for individual patients. 

Subjectively, there was subsidence of pain and stiffness and often a sense of 
well-being, which some patients characterized as “natural”? in contrast to that 
experienced when taking cortisone. 

Laboratory studies in selected cases revealed no consistent pattern of change 
in the erythrocyte sedimentation rate, in hemoglobin values, in total eosinophile 
counts, or in urinary 17-ketosteroid excretion. The p-aminobenzoic acid blood 
levels usually ranged from 1 to 5 mg. per 100 ce. In only one subject were higher 
levels recorded (6.5, 8.5, and 10 mg. per 100 c.c., as well as numerous lower 
values ). 

acidic 

15. Zarafonetis, C. J. D.: Para-Aminobenzoic Acid in Collagen and Bullous Disorders, 
read before the American Academy of Dermatology and Syphilology, Ninth Annual Meeting, 
Chicago, Dec. 4, 1950. 
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Despite the lower dosages employed, the plasma salicylate levels usually were 
higher than the p-aminobenzoic acid values. However, these were generally less 
than 10 mg. per 100 ce., although scattered values up to 15 or even 20 mg. per 
100 cc. were occasionally encountered. 

There was detected no toxic depression of the leukocyte count during the course 
of this study. 

COM MENT 

The clinical course of a patient with rheumatoid arthritis is unpredictable. Obvi 
ously, in any evaluation of therapeutic agents for rheumatoid arthritis it is necessary 
to keep in mind that the disease is subject to both spontaneous remissions and 
relapses. It is believed, however, that sufficient patients have been treated with the 
p-aminobenzoic-acid-salicylate combination to permit a preliminary evaluation. The 
data seem to indicate clearly that the relationship between therapy and response has 
been too consistent to be attributed to chance remission. Indeed, improvement 
appears to have occurred in all 34 patients who continued the program for three 
months or longer. Of equal importance is the observation that no patient has 
relapsed to pretreatment status while receiving the full dosage regimen. This seems 
especially significant, since these patients have been treated for intervals varying 
from 6 to 18 months. Three patients had relapses when placed on placebo therapy 
Two of these were treated again, with highly satisfactory suppression of the 
disease process. Three additional patients had relapses when treatment was stopped 
deliberately by us or because of intercurrent illness. Resumption of therapy was 
again followed by improvement. These observations tend not only to substantiate 
the relationship between treatment and improvement but also to underscore the fact 
that the treatment program does not cure rheumatoid arthritis. 

\s implied above, the observed improvement is gradual and progressive. While 
some patients may show benefit within two weeks, the improvement is usually more 
gradual, week by week and month by month. Objective signs included subsidence 
of fever, when present, and of joint heat, swelling, and tenderness. There was 
progressive increase in weight and in strength and function of the affected parts 

In view of the favorable response observed in some three-fourths of these sub 
jects, the failure of Hollander and Harris '° to obtain a significant effect in patients 
treated with a combination of the same substances requires some explanation, These 
workers administered 4 gm. daily of sodium salicylate for one week, then 4 gm 
each of p-aminobenzoic acid and sodium salicylate each day for one week or some 
what longer, followed by 4 gm. daily of p-aminobenzoic acid alone for another week 
The experience of the present study suggests that the lack of benefit in their patients 
was due to too little p-aminobenzoic acid, too much salicylate, and too short a trial 


Of interest in this connection is the report of Smith,’? who treated a large series of 


patients for 21 days with equal portions of p-aminobenzoic acid and sodium salicy 


a 
16. Hollander, J. L., and Harris, T. N.: Combined Salicylate and Para-Aminobenzoic Acid 
(Pabalate®) in the Treatment of Rheumatoid Arthritis, Am. J. M. Sc. 221:398-401 (April) 
1951 
17. Smith, R. 1 Freatment of Rheumatoid Arthritis and Other Rheumatic Conditions with 
Salicylate and Para-Aminobenzoic Acid (Study of 125 Patients), Journal-Lancet 70:192-196 
(May) 1950 
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late. Smith concluded that this combination gave more effective and more prolonged 
pain relief than did sodium salicylate alone. 

The mechanism of action of the p-aminobenzoic-acid-acetylsalicylic-acid combi 
nation in rheumatoid arthritis is not known. p-Amirobenzoates have been shown to 
suppress the noninfectious inflammation of lupus erythematosus,’* of dermatomyo 
sitis,? and of lymphoblastoma cutis.* [t appears that p-aminobenzoic acid not only 
inhibits but also reverses to some degree the fibrosis of scleroderma.’ In addition, 
the prolonged administration of p-aminobenzoic acid seems to exert an anabolic 
action, as judged by the clinical response of patients with these disorders. Salicylates, 
on the other hand, have long been used effectively to relieve certain types of pain, 
to lower the temperature in fever, and to suppress the inflammatory response in 
rheumatic fever. How these effects of p-aminobenzoic acid and of salicylates are 
mediated remains obscure. It seems likely, however, that an interplay of all the 
above actions of p-aminobenzoic acid and salicylates may be involved in’ bringing 
about the observed improvement in rheumatoid arthritis 

Since the benefit achieved in this group of patients treated with combined 
therapy greatly exceeds that experienced with the use of either salicylates or 
p-aminobenzoic acid alone, it appears logical to conclude that a true synergism is 
exerted by these substances. To be sure, the blood level reached following a given 
dose of salicylate may be enhanced by the concomittant administration of p-amino 
benzoic acid, and vice versa.'* Repeated determinations, however, showed the 
p-aminobenzoic and salicylate blood levels to be relatively low in these patients 
Indeed, much higher blood levels of p-aminobenzoic acid alone” and of salicylates 
alone’ have not been as etfective clinically as have the lower levels encountered in 
this study. 

The work of Wiesel and his associates * indicates a similar synergistic action of 
p-aminobenzoic acid and cortisone. While our original intent was to evaluate that 
relationship, the finding that satisfactory management of arthritis could often be 
achieved with long-term p-aminobenzoic acid and salicylate therapy led to. the 
placement of greater study emphasis on the latter combination. Certain observations 
in the present study, however, do suggest the possibility of a complex synergism 
between all three of these substances, but it is not yet possible to draw conclusions 
on this point. In this connection, it may be of interest that the combined use of 


small amounts (25 mg. daily) of cortisone with p-aminobenzoic acid and acetyl 


salicylic acid did not result in any significant change in eosinophile counts or in 
17-ketosteroid excretion 

It cannot be overemphasized that none of the patients treated with p-amino- 
benzoic acid and acetylsalicylic acid have been cured of their rheumatoid arthritis. 
However, objective and subjective improvement have been of sufficient degree and 
have been achieved with such minimal toxicity that further study of this treatment 
program appears warranted, [t should be pointed out that the minimal daily dose of 
p-aminobenzoic acid has not yet been determined. Preliminary studies suggest that 
at least 8 to 10 gm. a day are required to achieve satisfactory results. In addition, 
the possibility that salicylates other than acetylsalicylic acid would be more effica 

a 

18. Dry, T. J.; Butt, H. R., and Scheifley, C. H Phe Effect of Oral Administration of 
Para-Aminobenzoic Acid on the Concentration of Salicylates in the Blood: Preliminary Report, 
Proc. Staff Meet., Mayo Clin. 28:497-504 (Dec. 24) 1946 
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cious and less prone to cause gastric irritation when used with p-aminobenzoic acid 
requires investigation. It does seem reasonable to state at this time, however, that 
these substances are best administered in individual dosage form. In this manner 
the treatment regimen can be adjusted to the patient’s individual tolerance to 
salicylates, while maintaining the basic administration of the p-aminobenzoate. 
Finally, it should be clear that the present day management of rheumatoid 
arthritis is necessarily nonspecific and will remain so until the etiology of the 
disease is elucidated. Meanwhile, early diagnosis and long-range suppressive therapy 
directed toward minimizing inflammatory activity and eventual joint destruction 
appears to be a reasonable goal. The possibility that the therapeutic regimen 


described herein may contribute to this end has prompted this report 


SUMMARY AND CONCLUSIONS 


Forty-four patients with active rheumatoid arthritis were treated with a com 


bination of p-aminobenzoate and acetylsalicylic acid. 


Thirty-four (77% of the patients showed functional improvement, as evidenced 


by increased range of motion, striking weight gain, and diminution in joint heat, 
swelling, pain, and tenderness. This improvement has been maintained for from 
6 to 18 months. 

The dosage of potassium or sodium p-aminobenzoate was 12.0 gm. per day, given 
in six divided doses. Acetylsalicvlic acid was administered in doses of 0.6 gm. four 
times a day. 

Untoward reactions were minimal and readily reversible when use of the drugs 
was discontinued. 

It is stressed that the use of high-dosage p-aminobenzoate with acetylsalicy li 
acid is suppressive therapy which frequently results in significant functional improve 
ment. No claim of cure is made. 

Dr. Howard Baier and Dr. Robert L. Overman gave clinical assistance in the course of 
the study. Miss Virginia Colville performed the determinations of salicylate and p-aminobenzoi 
acid levels, and Mrs. Sarah K. Cary and Miss Ruth Reuter made all the hematologt 


determinations 





STREPTOBACILLUS MONILIFORMIS INFECTION COMPLICATED 
BY ACUTE BACTERIAL ENDOCARDITIS 


Report of a Case in a Physician Following Bite of Laboratory Rat 


MORTON HAMBURGER, M_D. 
AND 


HARVEY C. KNOWLES, M.D. 
CINCINNATI 


Hie PURPOSE of this report is to record the case of a physician who was 


infected with Streptobacillus moniliformis following the bite of a laboratory 
rat. This is an unusual circumstance, since most laboratory rat bites are believed 
to be harmless. The present case was further complicated by the occurrence of 


bacterial endocarditis; however, the patient recovered 


REPORT Ol CASI 


On the morning of May 18, 1952, G. G., a 54-year-old physician, was helping a colleague 
inject insulin into diabetic rats. Suddenly one of the rats twisted and bit him on the left thumb 
over the knuckle, making two breaks in the skin. Gentle bleeding occurred. He washed his 
hands with soap and water and applied a bandage Since he had been bitten by laboratory 
rats before, he dismissed the episode from his mind 

The next afternoon he was given a typhoi vaccine “booster” injection in preparation for 
a trip abroad. At 10:30 that night he felt feverish and went to bed, thinking he was having 
a reaction to the typhoid vaccine. At 11:30 he had a chill, following which his temperature 
rose to 102 I. His head ached During the night the fever reached a peak of 103.5 F., 
vomiting set in, and the headache became worse The next day a physical examination 
revealed a systolic murmur at the apex of the heart. Fever continued, and a white blood cell 
count was 17,500. Chloramphenicol was then administered, 250 mg. every six hours. The 
following day he felt considerably better and his temperature was lower. However, a faint 
macular rash appeared over the shoulders and upper arms. He experienced some pain in the 
left shoulder and attributed this to bursitis. The day after, May 22, though he continued to 
improve and his temperature did not exceed 101 F., there was a feeling of mild constriction 
in the chest. On May 24 and 25 his temperature was normal. He felt quite well except for 
slight discomfort in the chest and slight residual pain in the left shoulder. However, he noted 
an area of redness on the second toe of the left foot, which was painful when the bed sheets 
rubbed against it. 

On May 25 he felt well enough to do a little work in the garden. At 11:00 that night the 
headache, chills, and nausea returned with increased intensity The following day, May 26, 
he was obviously quite ill and was taken to the Jewish Hospital 

Important facts in his past history included the following: 1. He had never had rheumatic 
fever. 2. He had been examined on several occasions for insurance and in 1946 had had an 
appendectomy ; on each ot these occasions his heart was declared free of murmurs by com 
petent examiners 

Physical examination on the day of admission to the hospital showed an acutely ill man, 
clinically “toxic” and slightly delirious. The temperature was 103 I... pulse rate 116, respira- 
tion 22, and blood pressure 145/85. On the lateral border of the leit foot were several small 
red spots, 1 to 2 mm. in diameter. The conjunctivae were a little injected. The eyes, including 


the fundi, were otherwise normal. The tongue was coated. The pharynx was not remarkable 


cr 
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nor was the neck. The lungs were entirely clear. The heart was not enlarged; the sounds 
were clear; over the apex, and in fact over most of the entire precordium, was a harsh Grade 
III systolic murmur with a distinct musical quality; there was no diastolic murmur nor any 


friction rub. Examination of the abdomen showed no abnormality; the liver and spleen were 


not palpable There was* tenderness over the left) coracoid process but no other evidence of 


bone or joint involvement. There was no lesion on. the wer which had been bitten 


lop, a1 ‘ jouse, and bottom, mouse intected with the strain of Streptobacillus monili 


formis isolated from patient G. G. Note swelling of knee joints in infeeted animal 


Laboratory studies on admission revealed the following 1 blood Ns 4,199,000; hemo 
globin 13.5 @m vhite blood cells 22,006 difterential | in utrophi t lympho 

vravit Va no 
sugar or albu bu a ae vas | i pic examination ed a 
few pus cells and an occasional \ punct Vi | ise of the 
] ] 


severe headac ‘ 1 yireldec 


74 me. and 


no abnormalit 


were mace 
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After the second blood culture was secured, 500,000 units of crystalline penicillin G were 
given intramuscularly and repeated every four hours. The patient improved rapidly on this 
regimen, so that by the next morning his temperature was normal and he felt very much better 

On May 30, after nearly feur days of incubation, growth was noted in one of the blood 
cultures. This finding, along with the presence and quality of the new heart murmur, estab- 
lished the working diagnosis of acute bacterial endocarditis. Accordingly the penicillin was 
increased to 2,500,000 units of sodium penicillin G intramuscularly every four hours. This 
regimen was based upon previous experience with the treatment of subacute bacterial endo 
carditis due to penicillin-sensitive viridans type of Streptococcus, a regimen which has been 
successful in a small series of cases when continued for two weeks.' Within the next 48 hours 
growth had occurred in all of six tubes into which the samples of blood had been inoculated 


Paste 1.—AMinimal Inhibiting Concentration of Ten Antinotics for the G. G. Strain of 
Streptobacillus Moniltiformis 


Antibiotic 
Penicillin 
Streptomyein 
\ureomyein 
Oxytetracyeline (Terramyein) 
Chloramphenicol 
Sacitracin 
Carbomyecin (Magnainyein) 
Erythromyein 
Neomyein 
Polyimyxin 


Pabtr 2 lyglutination Titers of Patient's Sermon cAgamst Two Strains of 


Streptobacillus Monilifermis 


GG. Strain Brown Strain 
Antigen Antigen 
1:40 
1:40 
1:40 
1 
i 
l 


st) 


et) 


1 
i 
l 
l 
1 
1 
! 
1 
l 


prior to treatment. The morphological appearance of the colonies as well as the morphology 
of the Gram-stained bacteria in every culture led to their tentative identification as S. monili 
formis. Further identification of the micro-organisms was carried out by observing the develop 
ment of destructive arthritis in mice inoculated with the strain of Streptobacillus recovered 
from the patient \ photograph of the knee joint of one of the infected mice is displayed in the 
igure. The sensitivity of the organism to various antibiotics, presented in Table 1, was tested 
by a two-fold serial dilution method? 

Through the courtesy of Dr. Albert B. Sabin, a culture of the infecting organism and 
several specimens of the patient’s serum were forwarded to the Army Medical Service Graduate 
School, in Washington, D. C., for further study. This work was done under the direction 


a 
1. Hamburger, M., and Stein, L.: Streptococcus Viridans Subacute Bacterial Endocarditis 
Pwo Week Treatment Schedule with Penicillin, J. A. M. A. 149:542 (June 7) 1952 
2. Hamburger, M., and Muething, D.: The in Vitro Sensitivity to 8 Antibiotics of Strep 
tococci and Staphylococe: Recovered from Cases of Bacterial lndocarditis, J. Lab. & Clin. 


Med. 37:60 (Jan.) 1951. 
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of Lieutenant Colonel Arvey C. Sanders, Acting Chiet of Bacteriology. It was found that our 
strain was agglutinated by an immune rabbit serum prepared from the Brown strain of S 
montiliformis in a dilution of 1 to 1280. An antigen was then prepared from our strain. The 
results of agglutination tests of the patient’s serum with his own strain and the Brown strain 
are presented in Table 2. 

Since the literature contains no reports of successfully treated cases ot endocarditis due 
to this organism, it was decided, as a precautionary measure, to add streptomycin to the pem 
cillin and to extend the regimen from two to three weeks. The patient’s course was entirely 
uneventful thereafter. The temperature remained normal. Symptomatically he improved rapidly 
and permanently. The leucocytosis disappeared within a few days. Numerous blood cultures 
taken during treatment and at weekly intervals for two months thereafter remained sterile. 
Che murmur, though it waxed and waned somewhat during treatment, retained its harsh and 
slightly musical quality 

The patient had an easy convalescence during the summer and returned to his duties in 


] 


\ugust, on a part-time basis at first and then later full time. He exhibits no residual of 


continuing infection or of permanent cardiac damage, though the murmur persists unchanged 
At no time has there been any evidence of cardiac failure The follow-up period is now 
1] months 

COMMENT 


We have been able to find only seven reported instances of bacterial endocarditis 
due to streptobacillus moniliformis all but one fatal. Two were described before 
the era of modern chemotherapy, i.e, in 1916 and 1935." The third and 
fourth “" occurred before penicillin was developed for clinical use. The fifth patient 
was reported in 1945 “* and was given 200,000 units of penicillin a day for 21 days 
This treatment sterilized the blood stream, but at the autopsy after death from 
cardiac failure crumbly vegetations were found on the mitral valve. Gram stain 


‘ 


showed them to contain numerous typical forms of S. moniliformis. The sixth 


was a case of WKeefer’s reported by Petersen and his associates ‘Treatment con 
sisted of sulfadiazine followed by 200,000 units of penicillin a day for 13 days and 
300,000 for 17 days; this patient recovered, only to die of cerebral embolus three 
vears after the onset of his illness. The only successfully treated case so far is that 
of Petersen,“ in which the patient was treated with 1,000,000 to 2,000,000 units 
of penicillin a day for 46 days 

That our patient actually had endocarditis is highly likely. The appearance ot 
a cardiac murmur less than 48 hours after the rat bite seems, at first glance, 
unusually rapid, but there is really no evidence available to tell us how quickly 
murmurs appear after the inception of infection upon a valve. In this instance, tt 


has been established that no murmur was present six years before and it is known 


that the patient suffered no illness in the intervening years which might conceivably 


have led to the development of a loud harsh cardiac murmur 

3. (a) Blake, FF. G The Etiology of Rat-Bite Fever, J. Exper. Med. 23:39 (Jan.) 
1916. (b>) Stuart-Harris, C. H.; Wells, A. Q.; Rosher, A. B.; Makie, F. P., and Wilson, G. 5S 
Four Cases of Infective Endocarditis Due to Organisms Similar to Haemophilus Para-Influ 
enze, and One Case Due to a Pleomorphic Streptobacillus, J. Path. & Bact. 41:407 (Nov.) 
1935. (c) Brown, T. M., and Nunemaker, J. ¢ Rat-Bite Fever: A Review of the American 
Cases with Reevaluation of Etiology; Report of Cases, Bull. Johns Hopkins Hosp. 70:201 
(March) 1942. (d) Rountree, P. M., and Rohan, M \ Fatal Human Infection with Strepto 
bacillus Moniliformis, M. J. Australia 1:359 (March 22) 1941. (e) McDermott, W.; Leask 
M. M., and Benoit, M.: Streptobacillus Moniliformis as a Cause of Subacute Bacterial [endo 
carditis: Report of a Case Treated with Penicillin, Ann. Int. Med. 23:414 (Sept.) 1945. (f) 
Petersen, KE. S.; MeCullough, N. B.; Eisele, C. W., and Goldinger, J. M.: Subacute Bacterial 
Endocarditis Due to Streptobacillus Moniliformis, J. A. M. A, 144:621 (Oct. 21) 1950 
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S. moniliformis infections respond well to small doses of penicillin.‘ Large 
doses are, we believe, justified in bacterial endocarditis because the duration of 
treatment can be thereby shortened.’ However, it is likely that this patient would 
have recovered without the addition of streptomycin to his treatment. 

The vast majority of reported cases of rat-bite fever are caused by the bite of 
wild rats.*° Most laboratory people who work with rats are occasionally bitten 
and come to regard these bites as innocuous. However, we have encountered two 
records of S. moniliformis infection following the bite of laboratory rats, one 
reported by Brown and Nunemaker * and the other by Hayes and his associates.° 
Neither of these patients had endocarditis, and both recovered. Furthermore, 
Strangeways ° demonstrated in 1933 that healthy laboratory rats, as well as country 
and sewer rats, are frequently carriers of S. moniliformis. In any event, it might 


prove the course of wisdom to administer penicillin as a prophylactic measure for 


two or three days following a rat bite. 


SUMMARY 
A 54-year-old physician, known to have had a previously normal heart, was 
bitten by a laboratory rat. He rapidly became ill, with the development of a loud 
mitral systolic murmur. Streptobacillus moniliformis was grown from his blood. 
He was treated with penicillin and recovered. 


4. Altemeier, W. A.; Snyder, H., and Howe, G.: Penicillin Therapy in Rat Bite Fever, 
J. A. M. A. 127:270 (Feb. 3) 1945. 

5. Hayes, FE. R.; Kidd, FE. G., and Cowan, D. W.: Rat-Bite Fever Due to Strepto- 
bacillus Moniliformis: Report of a Case Occurring in Minnesota, Journal-Lancet 70:394 (Oct.) 
1950. 

6. Strangeways, W. I.: Rats as Carriers of Streptobacillus Moniliformis, J. Path. & Bact. 
37:45 (July) 1933 





RESIDUALS OF YELLOW FEVER VACCINE AFTER TEN YEARS 
A Medical and Legal Problem 


IRVING B. BRICK, M.D. 
WASHINGTON, D. C 


TIS MORE than 10 years since the recognition ot the epidemic ol homologous 

serum hepatitis that followed the use of yellow fever vaccine which contained, 
as a diluent, human serum. That many lots of this particular vaccine were ictero- 
genic has been documented by many observers, notably Sawyer and his associates,’ 
Capps and his associates,? and Hayman and Read.“ Recently, Stebbins * has 
reviewed from the epidemiologic point of view the implications of this experience 
While certain lots of vaccine were shown to be highly icterogenic,’ none of the 
donors of the serum used in these lots had experienced jaundice or hepatitis within 
nine months prior to the donation, although all had had jaundice sometime in the 
past. It appears that a chronic carrier state may develop in persons suffering from 
viral hepatitis and that the infectious agent may be carried in the blood in sufficient 
virulence to produce illness in persons receiving minute quantities of the serum 
from such carriers. The recent reports by Bennett and his associates ® of chront 
fecal carriers of viral hepatitis among children lends support to this idea. In the 
yellow fever vaccine an exceedingly minute quantity of injected serum, estimated 


to be approximately 0.0032 ml., was capable of infecting a considerable portion of 


those persons receiving the vaccine. 


hii 

This paper was presented in part at the Annual Meeting of the Association for the Study 
of Liver Diseases, Chicago, Nov. 1, 1952 

From National Rehabilitation Commission, The American Legion, and Department of 
Medicine, Georgetown University School of Medicine 

Dr. Brick is Assistant Professor of Medicine, Georgetown University School of Medicine, 
and Medical Consultant, National Rehabilitation Commission, The American Legion 

1. (a) Sawyer, W. A.; Meyer, K. F.; Eaton, M.D.; Bauer, J. H.; Putnam, P., and 
Schwentker, F. ] Jaundice in Army Personnel in the Western Region of the United States 
and Its Relation to Vaccination Against Yellow Fever, Am. J. Hyg. 39:337 (May); (b) 
40:35 (July) 1944. 

2. (a) Barker, M. H.; Capps, R. B., and Allen, F. W Chronic Hepatitis in the Mediter 
ranean Theatre: A New Clinical Syndrome, J. A. M. A. 129:653 (Nov. 3) 1945. (b) Capps, 
R. B.: Sborov, V., and Schiefley, C. H A Syringe-Transmitted Epidemic of Infectious 
Hepatitis, with Observations Regarding the Incidence and Nature of Infectious Donors, ibid 
136:819 (March 20) 1948, 

3. Hayman, J. M., Jr., and Read, W. A.: Some Clinical Observations on an Outbreak of 
Jaundice Following Yellow Fever Vaccination, Am. J. M. Sc. 209:281 (March) 1945 

4. Stebbins, E. L.: Jaundice: [V. Distant Appraisal of Yellow Fever Vaccine Hepatitis, 
Texas J. Med. 47:146 (March) 1951. 
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sii endemic Infectious Hepatitis in an Infants’ Orphanage: II. Epidemiologic Studies it 
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Our present interest in the residuals after 10 years and in the medical and legal 
implications can best be shown by quoting some questions and brief comment by 
an Ienglish physician, F. O. MacCallum, made at the Ciba Foundation Symposium 
on Liver Disease.” 

Could our American colleagues tell us whether now, eight years after the great episode of 
the yellow fever vaccine jaundice, there is any evidence of an increased rate of cirrhosis in the 
States? How long does it take to produce cirrhosis? How quickly can you get it? And have 
you any evidence of how many cases who had these icterogenic batches and who apparently 
did not develop jaundice are turning up with sub-chronic hepatitis or cirrhosis? An example 
of this problem came to notice a few days ago. A serviceman who had been injected with an 
wterogenic batch of yellow fever vaccine in November 1943, and who had then shown no symp 
toms of any liver damage, suddenly developed jaundice and cirrhosis in 1949 and died within a 
few months, several years after discharge from his service. The question of the lability of the 


military authorities has now arisen 


Not all these questions can be answered at present, but perhaps the problems 
should be considered. What proof one should require before being willing to 
ascribe chronic liver disease to the inoculation of potentially intected yellow fever 
vaccine has a Jegal implication, since the government, through the Veterans Admin- 
istration, pays compensation for disability attributed to service. While the veteran 
who had clear-cut hepatitis with jaundice as a result either of yellow fever vaccine 
or naturally occurring viral hepatitis has something on record to indicate a possible 
initiation of chronic hepatitis or cirrhosis, the problem of the veteran with chronic 
liver disease who had only the inoculation of an infected lot of vellow fever vaccine 
and no clearly defined episode of hepatitis, with or without jaundice, still remains. 
May there exist a state of asymptomaticity after inoculation with the virus of hepa- 
titis that can eventuate, after months or years, in cirrhosis and its complications ? 


The material to be presented graphically demonstrates the problem as it exists. 


MATERIAI 


The data in this study have been obtained from the files of the National Rehabilitation Com 
mission, The American Legion. These are veterans’ claims for compensation, which The Ameri 
can Legion handles without charge. In each case the yellow fever vaccine lot number and date of 
inoculation were obtained from the veteran's service record supplied by the military service. 
The icterogenicity of each lot was assigned from the tables appearing in the study by Sawyer 
and his associates.' The medical data were abstracted from the records of various hospitals, 
both private and Veterans Administration. Since compensation was involved in each case, 
thorough medical study was made of the record. No case was included unless sufficient medical 
data were available to indicate the presence of chronic liver disease. The status of service connec 
tion in adjudication before Veterans Administration rating boards, as listed, is not necessarily 


final, since some of these cases are in process of further adjudicatory development. 


Table 1 lists seven cases in which hepatitis with jaundice followed the inocula- 


tion of yellow fever vaccine, as indicated by the medical records. It is noted that 


in some of these cases recurrent jaundice was present. The medical records reveal 
that some of the patients were hospitalized for only a brief period of time. It is to 
be recalled that in 1942, at the time of this epidemic, the potentialities for chronic 
disability of hepatitis, or catarrhal jaundice as it was then frequently called, were 
not well elucidated. Accordingly, hospital treatment was often very short in dura- 

6. MacCallum, F. O., in Wolsterholme, G. EK. W., Editor Liver Disease, Proceedings of 


Ciba Foundation Symposium, Philadelphia, The Blakiston Company, 1951, p. 115 
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Tasie 1.—Residuals of Yellow Fever Vaccine Inoculation—Hepatitis with Jaundice 
Following Vaccine 


letero 
genicity, 
Case Rate 
Cuse Vaccine 1,000 Doses 
No Lot No Date Net Issue Course Sequelae 


] 36S 67.59 Hepatitis with jaundice Chronie hepatitis; biopsy 10/47, 
hydropie changes; service con 
nection allowed 

Jaundice 7/42; recurrent Hepatomegaly, undetermined 
jaundice, 1947, 1951 etiology, 1.52; poorly tune 
tioning gall-bladder; service 
connection denied 
Hepatitis with jaundice Hepatomegaly, undetermined 
» 42) recurrent Jaun etiology, 5 51; service connec 
dice, 1943 tion denied 
Hepatitis with jaundice Discharged from service with 
»meo,. atter vaceine diagnosis of cirrhosis of liver 
and Banti's syndrome, 2 45; 
service connection denied 
Jaundice in service after Enlarged liver, 148; biopsy, 
vaccine; history of 1950, postneerotie cirrhosis; 
moderate aleoholism 1950, hemorrhage; has varices 
on esophagoscopy; service 
connection allowed 
imo. after vaecine said Cirrhosis of liver, 2.49, diag 
to be jaundiced; aleo nosed clinically; biopsy, fatty 
holisin denied by pa infiltration and regeneration 
tient: some moderate of liver cells; service connec 
aleoholism admitted tion denied 
previously 
Hepatitis with jaundice Diagnosis of cirrhosis; etiology 
6/25/42; recurrent hepa undetermined 194; service 
titis with jaundice, en eonneetion denied 
larged liver, 12/43; said 
to have had 4 attacks 
of jaundice; alcoholic 
background since dis 
charge 


Tasi_e 2.—Residuals of Yellow Fever Vaccine Inoculation—No Hepatitis with Jaundice 
Following Vaccine 


Ictero- 
genicity 
Case Rate 
Case Vaccine H 
No Lot No Date ) Course Sequelae 


s 335 12/1/41 f Grynecomastia, 1944; chronie hepatitis, 
14%; liver biopsy, University of Pa 
hepatitis research project; service 
connection denied 

Joint pains Hepatosplenomegaly, 146; portal 
cirrhosis or ehronie hepatitis, by 
biopsy, 1/48; service connection 
allowed 

Nothing in First symptoms and diagnosis of liver 

service except disease 11/49; died, age 20; post 
malaria necrotic cirrhosis, Univ. of Minn 
hospital; service conneetion denied 

Jaundice, 1945; Hepatomegaly; ehronie hepatitis, by 

some alcoholic biopsy, 2.52; service connection 
background denied 
Ascites noted 6°47, spleen enlarged 
times; liver nodular 6 50, biopsy, 
toxie cirrhosis; died 9/51; autopsy 
toxie or postnecrotice cirrhosis 
service connection allowed 
Cirrhosis diagnosed 12,46; died 
atrophic cirrhosis at autopsy; 
service connection denied 
Subacute nonspecific hepatitis, Roches 
ter General Hospital, 4°50; service 
connection denied 
Cirrhosis diagnosed 7/19/50 at Queens 
General Hospital; died 7/52; autopsy, 
hemorrhage due to ruptured esopha 
veal varices, coarse nodular cirrhosis 
service connection denied 





IRCTI1I 1 


tion. In three of the Cases in Table 1 there is a history of alcoholism, particularly 
after discharge from service, making more difficult the evaluation of the chronic 
liver disease with respect to the yellow fever vaccine and the subsequent hepatitis. 

The group of eight cases presented in Table 2 is of profound interest, since in 
none of these cases did hepatitis or jaundice occur after inoculation with the yellow 
fever vaccine. In only one of these cases was there a history of possible moderate 
alcoholism. In these cases, usually the veteran had no illness for a long time after 
the inoculation. In Case 8 gynecomastia, which may be due to disordered liver 
function, was first noted 29 months after the inoculation. Ease of fatigability was 
also noted and persisted for years. At the University of Pennsylvania Hepatitis 
Research Project his condition was diagnosed by liver biopsy as chronic hepatitis, 
but service connection for the disability has not been granted by the Veterans 
Administration. Four of the patients whose cases are listed in Table 2 died, with 
the pathological diagnosis of postnecrotic cirrhosis, postnecrotic cirrhosis, atrophic 
cirrhosis, and coarse nodular cirrhosis, respectively. All of these were young per 
sons without a history of alcoholism and without the typical histologic findings of 
Laennec’s cirrhosis. Yet service connection as cause of death or as a contributory 


factor to death has been denied. 
TasLe 3.—llepatitis with Jaundice lollowine llow Lever Vaccine Inoculation * 


Case Rate /1,000 
Virulence of Vaceine Doses Net Issue 


Highly icterogenic 10 to 100 
Moderately icterogenic lto 10 
Probably not icterogenic Less than 1 


* Data from Sawyer and others.' 


The figures for icterogenicity of the various lots of yellow fever vaccine are those 
listed in the study by Sawyer and his associates.’ Table 3 gives the comparison of 
virulence of the batches of vellow fever vaccine according to the number of cases of 
hepatitis with jaundice reported. That the figures given are conservative has been 
emphasized by Capps and his associates.” It was shown in a study of 5,667 men who 
had received Lot No, 368 in February, 1942, that in 11% jaundice developed and 
they were hospitalized. Tlowever, in an additional 25%, without jaundice and after 
the same incubation period, symptoms deveioped and physical and laboratory find- 
ings were identical in nature but of milder degree than those of the patients with 
jaundice. Most important was the fact that these data were obtained from examina- 
tion of random samples, totaling 1,279 soldiers, of the remaining supposedly well 
personnel, who were not hospitalized. [1 the patients whose cases are listed in Table 2 
had been studied in a similar fashion, the results might have been illuminating. Many 
authors have indicated the difficulties of diagnosing hepatitis without jaundice. In the 
study mentioned, twice as many patients had hepatitis without jaundice as had 
hepatitis with jaundice. Since there were more than 50,000 cases of hepatitis with 
jaundice reported as a result of yellow fever vaccine inoculations, undoubtedly a 
much greater number of cases of hepatitis without jaundice, largely undiagnosed, 


occurred, 


Capps *" also indicated that there were probably more than the 47 icterogenic 


lots of vaecine listed by Sawyer and his associates.'| Lot No. 382 was classified ' 





BRICH KESIDUALS OF YELLOW FEVER WACCINE AFTER TEN YEARS 


as being nonicterogenic. Of 146 patients receiving this lot and carefully studied, 
a case rate of 220 per 1,000 was found. Four other lots of vaccine classified as non 
icterogenic were similarly studied, with a similar trend being found. Most of the 
cases of hepatitis occurring after use of these lets were mild, either nonicteric of 
with only mild transient jaundice, and they would not have been recognized unless 
unselected samples of ambulatory recipients had been studied. (One patient | Case 
9| in the present series received Lot No. 382.) Capps also emphasized that 70% 
of 1,958 cases of hepatitis following the use of vellow fever vaccine were without 
jaundice. It is obvious that the nonicteric form of hepatitis may be more common 
ina given epidemic than the icteric variety but that it will be harder to diagnose 
\pparently, in many of these cases the patients are not very ill and the further specu 
lation arises as to persons having the virus without the disease becoming carriers 


and developing sequelae such as cirrhosis 


COM MEN 

The epidemic of jaundice following inoculations of yellow fever vaccine in 1942 
emphasized in the United States the whole problem of the potential hazards in the 
use of blood products. Neefe and his associates * in some of their experiments nl 
transmission of viral hepatitis to human volunteers employed yellow fever vaccine 
Lot No. 335, with a case rate of 56.55 per 1,000. doses.' Two volunteers were inocu 
lated subcutaneously with 2 ml. of the vaccine, and one acquired hepatitis with 
jaundice, the other hepatitis without jaundice. However, the problem of residuals of 
such hepatitis has engaged many workers and possibly it is too soon to evaluate 
the evidence. Watson* estimates that a very small percentage of patients with 
hepatitis, helow 0.56, will acquire cirrhosis. Other workers have reported specih 
cases of cirrhosis occurring after both varieties of hepatitis, infectious and homo 
logous serum, and it is believed that many more cases will be recognized in the 
future. 

Shortly after the epidemic, Benjamin and Hoyt ® studied 200 patients with dis 
ability following postvaccinal hepatitis who were returned from overseas because of 
their illness. While these authors did not feel that the disability in most cases was 
due to organic liver disease, the objective evidence indicated that complete restora 
tion of liver function may take as long as six months to a year or even longer. In 
their group 12% had evidences of abnormal sulfobromophthalein ( Bromsulfalein ) 
dye retention. This particular study was done a short time after the hepatitis, and 


no liver biopsies were reported, so that it ts difficult to assess whether chronic 


residuals such as cirrhosis were present in any of the group or were in the process 


of development. 

7. Neefe, J. R.; Stokes, J., Jr.; Reinhold, J. G., and Lukens, F. D. W Hepatitis Due to 
the Injection of Homologous Blood Products in Human Volunteers, J. Clin. Invest. 23:836 
(Sept.) 1944 

8. Watson, C. J., in Wolsterholme, G. E. W., Editor: Liver Disease, Proceedings of Ciba 
Foundation Symposium, Philadelphia, The Blakiston Company, 1951, p. 116 

9. Benjamin, J. E., and Hoyt, R. C.: Disability Following Postvaccinal (Yellow Fever) 
Hepatitis: A Study of 200 Patients Manifesting Delayed Convalescence, J. A. M. A. 128:319 
(June 2) 1945. 
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The sequels of epidemic hepatitis have been editorially discussed.’” The inci- 
dence of cirrhosis following hepatitis does not appear as vet to be accurately calcu 
lable. That individual cases of cirrhosis following homologous serum hepatitis do 
occur seems unquestioned. Sherlock '! reported nine cases of posthepatitis cir 
rhosis, in all of which serial liver biopsies were done, and in three cases the hepatitis 
was Of the homologous serum variety. She pointed out that the clinical severity 
of the hepatitis does not always parallel the extent of hepatic necrosis and that cir 
rhosis developed in three patients whose initial jaundice was remarkably mild 
Havens '* reported the case of a veteran who had received yellow fever vaccine Lot 
No. 334 in February, 1942, and became jaundiced three and one-half months later 
Krom 1942 to 1949 frequent intolerance to fatty foods with a sensation of abdominal 
fullness after meals was noted. Recently anorexia developed, and it was recorded 
that an adequate diet was taken. Study in 1949 revealed normal physical findings, 
with the only laboratory abnormality being sulfobromophthalein retention. A liver 
biopsy in 1949, seven years after the homologous serum hepatitis, revealed mild 
periportal fibrosis and infiltration with round cells. What eventually will occur in 
such patients with a diagnosis of chronic hepatitis is not known at present, but they 
do have real disability. In the series being reported there are similar liver biopsy 
findings in several cases. Kunkel and Labby '* reported a case of a veteran inocu 
lated in April, 1942, with an icterogenic batch of vellow fever vaccine. Ten weeks 
later he had hepatitis with jaundice but was not hospitalized, resuming full activity 
two days later. The jaundice decreased, but liver tenderness persisted for two 
years. Physical examination three years after the inoculation revealed hepatosple 
nomegaly and abnormal liver function tests. In August, 1946, the veteran died in 
cholemia and autopsy revealed a stone in the ampulla of Vater and nodular cirrhosis. 

In the series of cases presented, the patients having jaundice following yellow 
fever vaccine received treatment in service and it 1s interesting to note that none 
of these have died. In the group of those without jaundice, four have died. Obvi 
ously the sample is small and of no statistical value, but it tends to lend support 
to the generally accepted idea that patients with little or no treatment during the 
acute phase do less well than the treated patients. Persons with unrecognized and 
infrequently diagnosed cases of hepatitits without jaundice may be more apt to 
have chronic residuals, since these patients are not usually treated. The group of 


patients reported in Table 2, who received yellow fever vaccine without hepatitis 


resulting in the usual incubation period but who developed chronic liver disease, 
raises several speculative thoughts. The chronic liver disease might be quite coinei- 
dental and not at all related to the inoculation of the icterogenic yellow fever vaccine. 
At the present time one cannot positively disprove this thesis, but the evidence that 
the virus of hepatitis may persist for many months in patients who are asympto- 
matic also raises the question of whether these patients were chronic carriers who 
ultimately did develop chromic liver disease, since it has been shown that that is a 
possibility. In some of the cases, the presence of an alcoholic history causes some 
a 

10. Sequels of Epidemic Jaundice, Editorial, Lancet 1:873 (June 5) 1948 

11. Sherlock, S.: Post-Hepatitis Cirrhosis, Lancet 2:817 (May 29) 1948. 

12. Havens, P. W., Jr Viral Hepatitis—Progress and Problems, Pennsylvania M 
§$2:1653 (December) 1949. 

13. Kunkel, H. G., and Labby, D. H.: Chronic Liver Disease Following Infectious Hepatitis : 
II. Cirrhosis of the Liver, Ann. Int. Med. 32:433 (March) 1950 
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confusion. Yet in all the patients in Table 2, with one exception, there was no 
such history. 

The rating of these cases for compensation by the Veterans Administration 1s 
not uniform, as the tables indicate. In 4+ of the 15 cases reported service connection 
has been allowed. Since, by congressional law, when there is reasonable doubt in the 
adjudication of a claim it is resolved in favor of the veteran, the presence of the 
history of icterogenic yellow fever inoculation seems to create at least a reasonable 
doubt medically as to the etiology of the chronic liver disease. At the present time, 
the answers to the questions propounded cannot be given on a sound. statistical 
basis, but it is hoped that further future studies by many workers will provide the 


essential data. 


SUMMARY 
The cases of 15 patients who received inoculation of icterogenic yellow fever 


vaccine in 1942 and subsequently had chronic liver disease are reported. [ight 
| ; | yg 


patients did not have recognizable hepatitis or jaundice in the usual incubation 


period. The relationship of homologous serum hepatitis to chronic liver disease 1s 
discussed. The legal implications of government compensation for death and dis 


ability in these cases 1s also discussed. 
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DYNAMICS IN MAN 


T. D. ULLMANN, M.D. 
AND 


D. DIENGOTT, M.D. 
JERUSALEM 


YEVEERAL ganglion-blocking agents have been recently recommended for the 
\* treatment of essential hypertension. Although a number of reports dealing with 


the effects of these drugs on the systemic blood pressure and on clinical aspects of 


the hypertensive state have been published,’ only a few studies have appeared * 
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on the influence of the drugs on renal function, an important consideration in hyper 


tensive patients for two reasons. On the one hand, if the drug could improve the 


impaired renal function, and particularly the renal blood flow, this might not only 


help to minimize further damage, but also might possibly break the postulated 
“vicious circle,” relating persistent systemic hypertension to impaired renal blood 
flow. On the other hand, if the antihypertensive drugs reduced not only the systemic 
blood pressure but also the perfusion pressure in the kidneys, functional impair- 
ment or even structural damage of the kidneys might result. 

The present report deals with the effect of hexamethonium (Cy), a ganglion 
blocking agent of the quarternary ammonium type, on renal hemodynamics in 


hypertensive patients. 


METHODS AND CLINICAL MATERIAL 


The subjects were 12 hospitalized patients, 4 men and 8 women, ranging in age from 33 to 52 


years. Ten of the patients had been hospitalized for evaluation and treatment of hypertensive 
vascular disease of varying severity. None had severe retinal changes or clinical evidence of 
renal failure. Two patients (D. M. and A. W.) had been admitted to the hospital for treatment 
of rheumatoid arthritis and had no signs of hypertensive vascular disease. One of these (A. W.) 
had persistent albuminuria and ankle edema, low serum albumin, and high serum cholesterol ; 
his condition was believed to bé amyloid nephrosis, probably secondary to the long-standing 
rheumatoid arthritis. 

The patients were studied after food had been withheld for about i4 hours. Water was given 
freely prior to and during the tests. Glomerular filtration rate was measured in most cases by 
the clearance of sodium thiosulfate, in two cases by the clearance of inulin. Renal plasma flow 
was measured by the clearance of sodium p-aminohippurate. Thiosulfate was determined by the 
method of Newman, Gilman, and Philips,® inulin by the method of Roe,* p-aminohippuric acid 
by the method described by Smith and his associates.° The concentration of these substances i 
the plasma was maintained at a fairly constant level by the continuous infusion technique, after an 
appropriate priming dose had been given. Urine samples were collected by soft multi-eyed rub 
ber catheters. At the end of each collection period the bladder was rinsed and emptied by 
injection of first 10 to 15 ml. of water or isotonic sodium chloride solution and then 60 to 80 
ml. air, followed by suprapubic pressure. Blood was collected at 15-minute intervals by means 
of an indwelling femoral arterial needle. Hematocrit readings and, in most instances, total 
serum protei values were determined on the first and last blood sample and intermediate 
values were interpolated from these two determinations. Effective renal blood flow was calcu 
lated from the renal plasma flow and the hematocrit determination, and the filtration fraction 
was calculated by dividing the glomerular filtration rate by the renal plasma flow. The values 
for glomerular filtration rate, renal plasma flow, and effective renal blood flow given below are 
corrected for surface area and expressed in values corresponding to 1.73 square meters of body 
surface. Blood pressure was determined at frequent intervals by the auscultatory method. Venous 
pressure was not measured during the experiments, because it has been shown ® that im_ the 
absence of congestive failure this function is not markedly influenced by hexamethonium 

The hexamethonium employed in this study was the bromide or bitartrate salt. After three 
control periods, the drug was either injected rapidly into the tubing or added to the sustaining 

3. Newman, EF. V.; Gilman, A., and Philiy Ihe Renal Clearance ot 
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Renal Clearances of Substituted Hippuric Acid Derivatives and Other Aromati 
and Man, J. Clin. Invest. 24:388, 1945 
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TABLE 1.—Changes in Blood Pressure and Kenal Hemodynamics After Administration of 


Hexamethonium (Co) in 12 Patients 


Total 
Renal 
Resist 
ance, 
Dynes/ 
Ca, Period, B. P., Sec 
Patient Se Mg Min Min GFR* RPF* ERBF* FF* m.-5 
IM Control 113 7 0.940 9,660 
jj 107 HY f 0.208 8,450 
104 0.299 10,100 
105 5 0.220 9 BOO 


1S 57 f 0.192 9,750 


M4 ‘ 2 O89 8,370 


Control j i O.191 9,420 
15 $53 7 3. 0.148 6,130 
17 : ) ” 0.122 7,460 
18 3 OT O.112 6,550 
Its ¢ 0.092 6,170 
Control ‘ 0.235 18,200 
ny ) 0.193 16,080 
17 4 7 ; 0.203 15,300 
16 7 32 5 OAR 0.198 1,800 
i) 303 0.170 18,300 


Control . ) i O.254 15,950 
lv f 4 7 ; 0.236 16,100 
ls an ‘ 0.151 7,000 
1% O177 7880 
lh 0.163 S620 
1” ; O16 7,080 


Control] ‘ ‘ ‘ 11500 

12 13,400 
7 600 
9,140 
&100 


1 
1 
] 


(ontrol ) 7 ij 4 7 7 OO 
th 7 , - 25,100 
15 > ; 17,600 
14 ) i 213 3 0.14? 14,700 
Is , s O.167 18.650 


Control ) ; 3 i 0.108 13,7 

1.2 min lt { 72 d O.216 14,300 
i) 3 ) ib 0.2085 
16 } ; ) 0.18? 
Is { bs] h 807 O.1u 


Control ; 3 O71 10.990 

1, min 15 » 73 Or70 11,200 
4 a lv { 0.289 10,600 
0.209 GO 380 


0.242 11,120 
OPP 4.080 
0.214 7,700 


Control 7 3 0.241 13,700 
16 $ O24 13,100 
th » He O.17s 11,900 
il yee , be ; OLDSO 11,800 


1S 0.189 11,250 
1? ; , , 7 O.P02 15,200 
11 7 : ; 11,100 


ontrol ) y 27 23% 12.100 
14 s 17 9660 
4 a2 f 9.080 
16 ‘ i 77 11,300 
4 180 ) : 77 10,500 


ontrol 295/15 ) as} 283 15,000 

lo min ly Py $4 r 16,600 
Mh PORTE , mn “a Th 

1b Is) 7 : 

Is 160 

If M45 ) ’ 7 iM 700 
ontrol 225 7 3: 0.399 10.800 
23 172 » 3 O.290 

16 rd) ° ' , O24] 

12 130 , 0°16 

1] 130 { é 0.158 


Abbreviations are as follows: GFR, glomerular filtration rate; RPF, renal plasma flow: ERBF, effee 
tive renal blood flow; FF, filtration fraction 
* Milliliters per minute per 1.78 square meters Pale, with slowing of pulse 
i ad * Dizzy, with palpitations 


+t Pale, “wea 
} Vomiting 2 In pain from readjustment ot arterial needle 


§ Excited, crying ** Drowsy, nearly asleep 
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fluid or it was administered by both of these methods. The patients remained in the recumbent 
position throughout the experiment, to eliminate postural effects on blood pressure and on kidney 
function. Observations were made for at least one hour after the injection of the drug 


RESULTS 

A total of 55 observations on 12 patients during hypotension induced by hexa 
methonium are recorded in Table 1. 

Blood Pressure—The two normotensive patients, D. M. and A. W., showed 
only a slight fall in blood pressure, whereas the hypertensive patients reacted to 
hexamethonium with marked lowering of pressure. The blood pressure usually 
dropped within a few minutes after the injection of a large dose of the drug (10 
to 30 mg.) and less abruptly after starting a slow infusion of the drug (O.8 to 
1.2 mg. per minute). The fall in blood pressure was accompanied by a pro 
nounced general reaction—visible pallor, feeling of emptiness or weakness, excite 
ment with an urge to cry in one case, and vomiting in some cases. “Two patients 
(S. S. and M. B.) became drowsy and nearly fell asleep. 

Urine blow.—While in the two normotensive patients the urine flow remained 
unchanged, there was a 41 to 959% decrease in urine flow in the hypertensive 
patients after the administration of hexamethonium 

Glomerular Filtration Rate.—Following administration of hexamethonium all 
the patients showed a drop in glomerular filtration rate. In the hypertensive 
patients the decrease was from 20 to 57%. One of the nonhypertensive patients 
(1). M.) had a 22% decrease in glomerular filtration rate during one period only 
The other nonhypertensive patient (A. W.), who had clinical evidence of renal 
disease, reacted similarly to the hypertensive patients and had a maximum fall of 
glomerular filtration rate of 37% in the last period. 

Renal Plasma Flow.——Nine patients showed a rise in renal plasma flow during 
one to five of the periods in which hexamethonium was given; the remaiming three 


(S.S., P.G., and M. B.) showed a persistent decrease during all periods. Alto 


gether, during 55 observation periods, there occurred a rise in 29 instances and a 


fall in 26. The maximum rise was 474% ; the maximum fall was 45%. The most 
marked decrease in renal plasma flow was seen in patients M. T., M. L., A. kK. 
and M. B., together with a simultaneous marked drop in glomerular filtration 
rate and a decrease in urine flow. The significance of this phenomenon wall be 
discussed below. 

Effective Renal Blood llow.—\tlective renal blood flow, which was calculated 
from the renal plasma flow and the hematocrit reading, showed changes parallel 
to those of renal plasma flow. The changes were, however, smaller, because the 
hematocrit value tended to fall consistently as the studies proceeded. 

Filtration Fraction —After hexamethonium administration filtration fraction 
was diminished in all but two observations; the maximum fall was 524% of the 
control values. 

Total Renal Resistance.--The values for total renal resistance were calculated 
from the mean blood pressure and the venous pressure (which was assumed at 
10 mm. Hg throughout all the studies) and the effective renal blood flow. The 
two nonhypertensive subjects had values for renal resistance falling within the 


normal range, whereas all hypertensive patients showed markedly elevated figures, 
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approaching the maximum values reported for hypertensive subjects by Gomez.’ 


The total renal resistance was lowered following hexamethonium administration 


in 41 out of 55 observation periods on all the patients. The maximum drop for the 


individual patient varied between 3 and 56%. In observations, on nine patients, 
lividual patient | bet 3 and 56%. In 14 ol t tient 


a temporary 1 to 52% rise was noted. 

The partial renal resistances, existing in the various parts of the renal vascular 
tree, were calculated from the formulae presented by Gomez.’ The afferent renal 
resistance decreased from 10 to 71% in 45 of the 55 observation periods on all 
12 patients. In seven patients a transient rise of 2 to 62% was observed during 


10 periods. The “true” efferent renal resistance was lowered from 1 to 57% 


Taste 2.—Changes in Renal Ilemodynamics After Hexamethonium—Fifty-Five Observations 


in Two Normotensive and Ten Hypertensive Subjects 


Observations, Patients, Maximum 
No No Difference, % 


Urine flow 
+31 


Increase 
95 


Decrease. . 
GFR* 
Increase 
Decrease 
RPF* 
Increase 
Decrease, . 
FF* 
Increase 
Decrease 
Total renal resistance 
Increase 
Decrease 
Afferent renal resistance 
Increase 
Decrease e ° 
“True” efferent renal resistance 
Increase 
Decrease 
Venous renal resistance 
Increase 
1] 


Decrease 


* Abbreviations are as follows: GFR, glomerular filtration rate; RPF, renal plasma flow; FF, filtration 


fraction 

during 51 observation periods in all patients. In four periods, in three patients, a 
temporary 5 to 14% rise was observed. The venous resistance was lowered in 36 
observation periods. The maximum drop in venous resistance varied between 11 


and 41% in 11 patients. A rise in this resistance was seen in 19 periods, in 10 


different patients, with a maximal rise for the individual patient between 4 and 
55%. 
The accompanying figures compare the effect of hexamethonium admuinistra- 


tion in two patients, one of them (M. T.) showing a rise in renal plasma flow 


and effective renal blood flow after an initial drop in these functions, the other 
(S. S.) showing a persistent drop in both these functions. 
Table 2 summarizes the changes in renal hemodynamics, with the maximum 


ditferences observed after hexamethonium in all subjects. 
LT 

7. Gomez, D. M.: Evaluation of Renal 
Essential Hypertension, J. Clin. Invest. 30:1143, 1951 


Resistances, with Special Reference to Changes in 
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COMMENT 


In the present studies hexamethonium was observed to exert a marked influ 
ence on urine flow, glomerular filtration rate, and renal plasma flow. There was 
a reduction in both urine flow and glomerular filtration rate in all hypertensive 
patients during all the observation periods after the drug was injected. The ettect 
on renal plasma flow was less consistent and varied with the accompanying cir 
cumstances. Depression of renal plasma flow after hexamethonium was nearly 
always associated with, and probably caused by, a general reaction to the lowering 
of the systemic blood pressure, which was manifested by paleness, dizziness, vomit 


ing, a feeling of weakness, and drowsiness. In one patient, A. L., after a substantial 
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Fig. 1 (Patient M. T.).—Simultaneous changes in mean blood pressure, glomerular filtra 
tion rate (Como), renal plasma flow (Cran), effective renal blood flow (ERBEF), filtration 
fraction (IF), urine volume, and renal resistances after intravenous administration of hexa 
methonium. 


initial rise following the injection of hexamethonium, renal plasma flow was 
depressed, probably as a consequence of a rather painful manipulation (readjust 
ing the femoral arterial needle). In patients M. T., M. L., A. K., and M. B. the 
drop in renal plasma flow occurred only or chiefly during the first hexamethonium 
period, immediately following the injection of the drug. At this time there was 
a sudden fall in blood pressure accompanied by a pronounced general reaction 
Simultaneously, urine flow dropped sharply to half or less of the previous figure 
and glomerular filtration rate was depressed to minimal or almost minimal values 
for the individual patient. While it is quite possible that there was a true fall in 
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renal plasma flow during the first hexamethonium period in these four patients, 
it should be recalled that during periods of a sudden drop in urine flow the calcu 
lations of glomerular filtration rate and renal plasma flow may give erroneously 
low values.” Accordingly, the drop in renal ang flow during the periods when 
urine flow was greatly reduced may have been in part more apparent than real. 
However, in the majority of the subjects studied. pee plasma flow was increased 
during some of the observation periods after hexamethonium was given, with a 
maximum rise of 47%. This etfect seems worth special attention, since until now 
only a few procedures and drugs have been reported to exert such an effect on 


renal plasma flow.” Because of the great variation in dosage and mode of appli 
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Fig. 2 (Patient S. S.).—Simultaneous changes in mean blood pressure, glomerular filtra 
tion rate (Craw), renal plasma flow (Cran), effective renal blood flow (ERBE), filtration 
fraction (FF), urine volume, and renal resistances after intravenous administration of hexa 
methonium 


cation of the drug and because of the possibly disturbing effects of accompanying 
circumstances on the influence of hexamethonium on renal plasma flow, no attempt 
was made either to average the figures or to treat them statistically. 

The drop in filtration fraction is, of course, a direct consequence of the pro 
nounced drop in glomerular filtration rate, which was always greater than that 

asa 

& Smith, H. W Phe Kidney: Structure and Function in Health and Disease, New York, 
Oxford University Press, 1951, p. 61 

9 Smith, H. W.: Lectures on the Kidney, Lawrence, Kansas, University of Kansas Press, 
1943. Reubi, F.: Influence de quelques vasodilatateurs périphériques sur le flux sanguin reénal, 


Helvet. med, acta 16:297, 1949 





ULLMANN-DIENGOTT—HEXAMETHONIUM-RENAL HEMODYNAMICS — 235 


of the renal plasma flow in those periods during which the latter was decreased. 
Similarly, the decrease in total renal resistance is the obvious result of the marked 
decrease in systemic blood pressure and the increase, or less marked decrease, 
of the renal plasma flow. The decrease in renal resistances affected to a similar 
degree the atferent and the “true” etferent renal resistance, whereas the venous 
resistance showed a somewhat lesser degree of reduction. However, the calcu 
lations suggest that in some patients there occurred a greater reduction in afferent 
than in efferent resistance, whereas in other patients the converse occurred. 

A rise in renal resistance was observed in only a few periods. The venous 
resistance Was augmented somewhat more frequently than were the total, afferent, 
or efferent resistances. The four instances of most marked increase in venous 
resistance (of 20, 48, 50, and 55%) were found, together with or apart from a 
simultaneous rise in other resistances, in the four previously mentioned patients, 
M. T., M. L.. A. WK. and M. B., during periods in which renal plasma flow, 
glomerular filtration rate, and urine flow decreased sharply. 

It is of interest to compare the results of these studies with previously reported 
observations on hexamethonium and on other ganglon-blocking agents belonging 
to the group of quarternary ammonium compounds. Moe and Freyburger °° and 
Lyons and co-workers “* reported that there is an imitial decline in renal plasma 
flow lasting for about 10 to 15 minutes after the injection of 300 to 500 mg. of 
tetraethylammonium bromide or tetraethylammonium chloride intravenously, with 
a return to a level at or near the control value, even when the blood pressure 
remains lowered for a considerable period. A. reduction of glomerular filtration 
rate and a drop in renal resistance occur regularly, and both these effects are 
more marked in hypertensive than in normal subjects. No increase of renal plasma 
flow above the preinjection level was observed after tetraethylammonium. Accord 
ing to Moe and Freyburger, the decline in renal plasma flow following the injec 
tion may result from “sensitization” to circulating epinephrine or sympathin, 
further production of which would be prevented by continuing synaptic blockade 
This assumption appears plausible in the light of observations made by Corcoran 
and Page!’ on the potentiation of epinephrine and other drugs by  tetraethyl 
ammonium. 

\as and Blegen “" found a reduction in glomerular filtration rate and renal 


plasma flow in eight normal nonhypertensive subjects after the intravenous injec 


tion of 4 to 6 mg. per kilogram body weight of tetraethylammonium, together 
with a significant reduction in urine flow. The detailed figures by these authors 
show, however, that the drop in renal plasma flow (and in glomerular filtration 
rate) lasted only for a period of about 20 to 30 minutes and was followed by a 
secondary rise to or even above the preinjection levels. There are no observations 
in their paper beyond 40 minutes after the injection 

Miles and co-workers ** found that in nonhypertensive patients under ether 
and cyclopropane anesthesia (for surgery) glomerular filtration rate was depressed 
by 17.5% by 70 to 160 mg. of pentamethonium given intravenously, whereas renal 
plasma flow was not changed, despite a considerable fall in arterial pressure. From 
the figures presented by these authors, a fall in filtration fraction and a decrease 
in total renal resistance can be calculated. 
nei 

10. Corcoran, A. C., and Page, I. H Renal Hemodynamic Effects of Adrenaline and 
“Isuprel”: Potentiation of Effects of Both Drugs by Tetraethylammonium, Proc. Soc. Expert 


Biol. & Med. 66:148, 1947 
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Mackinnon *f found that after the intravenous injection of varying amounts 
of pentamethonium (10 to 100 mg.) glomerular filtcation rate and effective renal 
blood flow were reduced in normal volunteers as well as in patients with benign 
or malignant hypertension. Renal resistance was increased, “owing to renal vaso- 
constriction.” These effects were in contrast to his observations on a similar 
group of patients given 1-hydrazinophthalazine (Ciba 5968), which caused an 
increase in effective renal blood flow and a decrease in renal resistance. 

Blainey ** reports that 20 minutes after an intramuscular injection of 50 mg. 
of hexamethonium three patients, belonging to a “selected group of severe hyper- 
tensives,”” showed a sharp fall in urine flow, endogenous creatinine clearance, and 
p-aminohippuric acid clearance, which persisted for one and one half hours. 

Mills and co-workers *" reported recently on experiments with hexamethonium 
on six hypertensive patients. They observed a 35% decrease in glomerular filtra- 
tion rate and a 21% decrease in renal plasma flow after the intravenous admin 
istration of 20 to 40 mg. of the drug. Urine flow was markedly reduced in their 
patients. 

Kirkendall and Culbertson * found in one normotensive subject and in three 
patients with moderate essential hypertension an increase in renal plasma flow of 
13 to 75% (average 45%) after the intravenous injection of 20 to 160 mg. of 
hexamethonium. Glomerular filtration rate was essentially unchanged. According 
to the authors, these results indicate that in hypertensive patients hexamethonium 
causes a relaxation of the efferent arterioles. 

In a recent report by McQueen” on the effect of hexamethonium on renal 
hemodynamics the following points are stressed: a fall in glomerular filtration 
rate and in renal plasma flow following the fall in blood pressure, a more rapid 
and more complete return to normal of renal plasma flow as compared with 
glomerular filtration rate, and a pronounced and prolonged decrease in urine flow 

The possibility that ganglion-blocking agents may cause damage to the kidneys 
has been discussed by British authors,'! particularly in connection with the spread- 
ing use of these drugs to produce “controlled hypotension” during surgical opera 
tions. Some authors '* caution against this and point to the facts that during acute 
experiments urine flow decreases to a marked degree and proteinuria may be 
found during the hypotensive periods. However, reduction in urine flow in itself 
is no indication of kidney damage, but may be merely an indication of increased 
reabsorption of the glomerular filtrate. Moreover, the proteinuria may be related 
to the release or potentiation of epinephrine, which can cause the appearance of 
small amounts of protein in the urine. It seems probable, therefore, that the pro- 
teinuria, like the transient fall in renal plasma flow, is an expression of the potenti 
ation of circulating epinephrine by the ammonium compounds and not a sign of 
damage to the kidney parenchyma. [vans and I:nderby ''” do not regard the finding 


of proteinuria or of red cells and casts in the urine, all of which did not last longer 


a 
11. (a) Shackleton, R. P. W.: The Reduction of Surgical Haemorrhage: Some Observa 
tions on Controlled Hypotension with Methonium Compounds, Brit. M. J. 1:1054, 1951. (>) 
Evans, B., and Enderby, G. EF. H.: Controlled Hypotension and Its Effect on Renal Function, 
Lancet 1:1045, 1952. 
12. B.P. Up or B.P. Down? Annotations, Lancet 2:161, 1951. Complications of Controlled 


Hypotension, Editorial, ibid. 2:25, 1952 
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than three days, as serious enough to warrant omission of the drug if there is an 
indication for its use. It must be conceded, however, that very marked and _ pro- 


longed suppression of urine flow,may have serious consequences, e. g., delay in 


the excretion of the drug itself, and should be avoided by caretul dosage. 

rom our studies and from a survey of the literature the following facts emerge : 
1. Ganglion-blocking agents, including pentamethonium and hexamethonium, cause 
a fall in urine flow and in glomerular filtration rate, which is greater im hyper 
tensive than in nonhypertensive subjects. 2. The effect on renal plasma flow and 
effective renal blood flow is less constant and varies with the drug used as well as 
with the previous renal hemodynamic pattern of the subject. Tetraethylammonium, 
as most authors report, produces a fall in renal plasma flow, which lasts only a 
short period and is followed by a return to preinjection values, although the blood 
pressure may remain lowered. This effect is more pronounced in hypertensive than 
in nonhypertensive subjects. Pentamethonium did not cause significant changes in 
renal plasma flow in one reported series of patients who did not have hypertension 
but who were anesthetized. In another series pentamethonium was found. to 
reduce effective renal blood flow. Hexamethodium differs from the other drugs 
in that it may cause a marked increase in renal plasma flow. This effect appears 
to be more pronounced in hypertensive subjects whose kidneys are not too severely 
damaged by hypertensive vascular changes. 

The increase in renal plasma flow caused by hexamethonium, and perhaps 
by the other drugs belonging to this group as well, may be masked during the 
first period following the injection of the drug by an apparent fall due, in part, 
to the sharp reduction in urine flow. [lowever, like the concomitant drop in 
glomerular filtration rate, it may be in part real, caused by the transitory activation 
of a sympathicomimetic mechanism, which is called into play by the administration 


of the ganglion-blocking agent. 


SUM MARY 


The effect of intravenously injected hexamethonium on the urine flow, glo 
merular filtration rate, renal plasma flow and effective renal blood flow, filtration 
fraction, and calculated renal resistances was studied in 2 nonhypertensive and 10 
hypertensive subjects. 

Hexamethonium caused marked reduction in urine flow and moderate to marked 
decrease in glomerular filtration rate. Renal plasma flow and effective renal blood 
flow were elevated in more than half of the observations and decreased in the 
remaining ones. The filtration fraction was markedly lowered in all observations. 
The renal vascular resistances generally were markedly decreased but showed an 
increase in some observations. The changes in renal resistances affected about 
equally all parts of the renal vascular tree. 

The decrease in renal plasma flow and the increase in renal vascular resistance, 
when observed in periods immediately following the administration of the drug, 
may be a result of transitory activation of a sympathicomimetic mechanism by 
the ganglion-blocking agent. 

These results and other data reported in the literature do not indicate a detri 
mental influence of the drug on the kidney. Overdosage of the drug, leading to 
a too sudden and too prolonged reduction in urine flow, should, however, be avoided 
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: POLY MYXINS comprise a group of antibiotics produced by different 
strains of a Gram-positive spore-forming bacillus, Bacillus polymyxa. In July 
1947, the antibiotic properties of substances derived from strains of this organism 
were reported independently by Stansly, Shepherd, and White! and by Benedict 
and Langlykke.* Simultaneously another strain was being studied by Ainsworth, 
grown, and Brownlee,* in the Wellcome Physiological Research Laboratories in 
Kngland, and their work was reported the following month, The strain from which 
the antibiotic was isolated by the [English group was originally called Bacillus 
aerosporus and the antibiotic was called “Aerosporin.” It was subsequently deter- 
mined that the three groups were working with different strains of B. polymyxa, 
and the generic name of “polymyxin” was adopted for the antibiotics derived from 
this micro-organism, 


Chemical investigations * revealed that the various polymyxins were basically 


polypeptides and varied in their amino acid content. The polymyxin isolated in this 
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Medical Director, Burroughs, Wellcome & Company, Inc 

1. Stansly, P. G.; Shepherd, R. G., and White, H. J.:  Polymyxin: A New Chemo- 
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country was called polymyxin D, and that isolated in england was called polymyxin 


A. Toxicologic studies of both antibiotics revealed the presence of a nephrotoxic 
substance, and when attempts co eliminate this factor by further purification were 
unsuccessful, antibiotics isolated from still other strains were studied. This work 
led to the discovery of additional antibiotics by the English group, called polymyxin 
B, C, and E.° 

Because of the effectiveness of polymyxin in infections resistant to all other 
antibiotics it seemed important to further evaluate its toxicity. It 1s the purpose of 
this paper to present physiological tests of renal function in animals before, during, 


and after the parenteral administration of polymyxin B. 


METHODS AND MATERIALS 


The acute effects on renal function of polymyxin administered intravenously and the long 
term effects of polymyxin administered intramuscularly were investigated. Thirty-one dogs 
were included in the study and were divided into two groups. The animals (seven dogs) in 
Group 1 received 1 to 3 mg. per kilogram of polymyxin intravenously as a single injection. Glo 
merular filtration rate, blood pressure, and the rate of water excretion were determined during 
three successive 10-minute control periods and for three hours after receiving the polymyxin 
The dogs in Group 2 were divided into two subgroups, A and B. There were 14 dogs in sub 
group 2A. These were given 2.5 mg. per kilogram of body weight of polymyxin B intra 
muscularly per day for four to six weeks. There were 10 dogs in subgroup 2B. These received 
5 mg. per kilogram intramuscularly per day for four to six weeks. After suitable control renal 
function studies were done (two series done one week apart), the dogs were started on daily 
injections of polymyxin, being given one half of the daily dose in the morning and one half in 
the evening. Renal function studies and electrolyte studies were repeated once a week. After 
four to six weeks of therapy the polymyxin was discontinued, but renal function studies were 
performed at weekly intervals for an additional six weeks or until the values had returned to 
control levels. 

The renal function studies consisted of glomerular filtration rate (creatinine clearance), renal 
plasma flow (p-aminohippurate clearance), and maximum tubular reabsorptive capacity of 
glucose. A needle was connected to a manifold for withdrawing arterial blood samples and 
recording mean blood pressure with a mercury manometer. Blood for analysis of glucose, 
p-aminohippurate, and creatinine was withdrawn into heparinized syringes one minute before 
the midpoint of each collection period At least six successive 10-minute collection periods (three 
before adding glucose and three after) were done for cach weekly study. Chemical methods and 
techniques employed have previously been described.6 The amounts of sodium and potassium in 

sails 

(‘Aerosporin’): Isolation of the Amino Acids: D-Leucine, [.-Threonine, L-xy-Diaminobutyri 
Acid, and an Unknown Fatty Acid, ibid. 43: Proc. xxvii, 1948. Shepherd, R. G., and others 
Chemical Studies on Polymyxin. I: Isolation and Preliminary Purification, J. Am. Chem. So 
70:3771, 1948. Stansly, P. G., and Brownlee, G Nomenclature of Polymyxin Antibiotics, 
Nature, London 163:611, 1949. Porter, J. N., and others: Isolation and Production of Poly 
myxin, Ann. New York Acad. Sc. 51:857, 1949. Bell, P. H., and others: Chemical Studies on 
Polymyxin: Comparison with “Aerosporin”, ibid. 51:897, 1949. Jones, T. S. G.: Chemical 
Evidence for the Multiplicity of the Antibiotics Produced by Bacillus Polymyxa, ibid. 51:909 
1949. Catch, J. R., Jones, T. S. G., and Wilkinson, S.: The Chemistry of Polymyxin, A., ibid 
$1:917, 1949. 
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51:875, 1949 
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the plasma and the amounts excreted in the urine during the renal function studies were deter- 
mined using a Beckman flame photometer. These studies were also repeated at weekly intervals 
At the completion of the studf all of the animals were killed, and nistopathological studies of 
the kidneys, liver, and heart were made. 


RESULTS 


Acute Renal Studies.—The acute effects of the intravenous administration of 


polymyxin B are presented in Table 1. There was an acute depression of glomerular 


filtration and associated reduction in urine volume in all but two animals. Hema- 
turia was observed in two of the dogs receiving 2 mg. per kilogram of polymyxin B. 
Respiratory stimulation was frequently associated with the drug administration. 

Chronic Renal Studies.—The effect of the smaller doses (Group 2A ; 2.5 mg. per 
kilogram of body weight) of polymyxin (given for four to six weeks intramuscu- 
larily) on the glomerular filtration rate and maximum tubular function is presented 


in Table 2. There was no evidence of significant real damage although there was a 


Taste l—Effect of Polymyxin Administered Intravenously on Glomerular Filtration 
Rate m Dogs 


Urine GER, 
Dose Volume/ Min.* MI./Min.* 
c. Wiss 
Mzg./Ke } Other Observations 


Hemauturia, dyspnea, 
died after 48 hours 

Dyspnea 

Hematuria, recovered 

None 

None 

None 

Dog restless, dyspenic, 
with muscular move 
ments; blood pressure 
decreased from 140 to 
go mm. He; maximum 
tubular funetion, eon 
trol 220; after drug 216 


* ©, control; P, after polymyxin; GFR, glomerular filtration rate 
+ Anesthesia used was pentobarbital, 30 mg. per kilogram 

} Given over l-hour period; no anesthesia 
minor depression of tubular function in a few instances (ig. 1). During the course 
of the studies the hematocrit reading was not altered appreciably. The average 
hematocrit reading during the control period was 34%, and after four weeks of 
polymyxin it was 33%. Likewise, renal plasma flow was not altered appreciably 
although there was a mild increase noted in some of the dogs (Fig. 2). During 
the control period the average filtration fraction for the 14 dogs was 0.35; after 
4 weeks of administration of polymyxin it was 0.33. 

The plasma sodium and potassium determinations and the rates at which these 
electrolytes were excreted in the urine (dogs in Group 2) are presented in Table 3. 
Polymyxin did not appear to affect the excretion of these electrolytes. 

The effects of larger intramuscular doses (5 mg. per kilogram) of polymyxin 
on renal function are presented in Table 4. There was a moderate depression in 
renal function in 5 out of 10 dogs, and in 2 additional ones the depression was 


severe, This was manifest by depressed glomerular filtration rate and maximum 
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tubular function but not renal plasma flow in those animals showing moderate 
alterations of function. In the dogs (No. 11 and 12) showing severe damage, all 
three functions (including renal plasma flow) were markedly depressed. After 
polymyxin was discontinued, renal function’ measurements returned towards the 
control values in all but the two dogs with severe damage. In the latter, the process 
was apparently permanent and progressive. Despite the evidence of altered renal 
function, the plasma sodium and potassium and the amount of these electrolytes 
excreted in the urine did not appear to be altered, except for dog 12, which was one 
of the animals showing severe kidney damage. 

Results of Histologic Study of Tissues at Autopsy.- At the conclusion of the 
experiments each animal was killed and an autopsy was performed. Sections of the 
liver, heart, and kidneys were examined histologically in all of the animals except 


numbers 9 and 12. The gross autopsy examination revealed no significant findings 


TaBLeE 3.—Sodium and Potassium Excretion* in Dogs Receiving 2.5 Mg. of Polymyxin B per Kilogram 


Control Study Polymyxin for 2 Wk Polymyxin for 4 Wk. 


Plasina Urine Piasina’ Urine Plasma Urine Plasma Urine Plasma Urine Plasma Urine 
Na Na K kK Na Na kK kK Na Na K kK 
152 O16 3.1 0.07 152 0.03 4.1 0.03 141 O17 3.9 0.03 
147 0.06 3.5 0.05 147 0.04 3.1 0.04 152 0.06 2.9 0.04 
143 0.04 3.3 0.08 139 0.038 3.8 0.06 143 0.07 3.9 0.01 
142 O31 3.3 0.04 148 0.06 3 0.06 136 0.01 3.7 0.02 
140 0.04 3.2 0.08 140 0.04 3.2 0.08 140 0.05 3.1 0.04 
145 0.06 2.9 0.01 140 0.09 j 0.06 143 0.20 3.3 0.06 
147 6.04 4.2 0.038 148 0.04 ; 0. 142 0.08 3.9 0.04 
143 0.52 3.5 0.08 135 OAl é 6.05 130 0.58 3.1 0.03 
133 O14 3.6 0.02 134 0.05 f 0.01 135 0.03 3.5 0.03 
139 0.12 3.5 0.04 148 0.05 d 0.04 143 0.09 3.5 0.05 
140 0.05 3.9 0.04 137 0.18 3.4 0.03 143 0.04 3.3 0.08 
137 O14 3.5 0.07 136 O15 : 0.07 135 0.13 3.4 0.04 
138 0.01 3.6 0.05 132 0.02 3.2 0.02 0.01 3.6 0.04 
135 0.08 3.4 0.08 135 0.05 0.08 0.06 3.9 0.02 


142 0.13 3.5 0.04 141 0.09 K 0.04 O11 3.5 0.08 
* Sodium and potassium are in milliequivalents per liter. 


except edema at the site of injection in animals 1, 2, 4, 5, 7, 8, and 11. The kidneys 
appeared grossly normal. Microscopic examination of the heart and liver showed 
no abnormalities in all animals. There was cloudy swelling of the renal tubules in 
those animals showing the most marked functional change (5, 6, 7, 8, and 11). It 
is of particular interest that in animals & and 11 there were areas of fibrosis and 
lymphocytic and plasmacytic infiltration in the cortical and medullary areas suggest- 
ing an old pyelonephritis. 
COMMENT 

The intravenous administration of large doses of polymyxin B, as single injec- 
tions, revealed that the amounts used were well above the toxic level. This suggests 
that the blood levels attained by intravenous administration of the drug (1 to 3 mg. 
per kilogram) are too great and may lead to serious toxicity. Approximately the 
same dose (2.5 mg. per kilogram) administered by the intramuscular route and 
divided into two injections eight hours apart produced no similar evidence of tox- 
icity. It is possible that if the polymyxin had been given by slow intravenous 
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infusion over a period of 24 hours the peaking blood levels and subsequent toxicity, 
noted with single rapid ‘ntravenous injection, could have been avoided. However, 
this was not studied in the present experiments. 

The effects of prolonged intramuscular administration on renal function are 
presented in Figures 1 to 4. The alterations in renal function following the drug 
administration are expressed in percent of the control values for the same animals. 
Krom Figure 1 it is evident that the administration of 5 mg. per kilogram per 24 
hours caused a marked decrease in both tubular and glomerular function. Renal 
plasma flow in the dogs receiving this dose of polymyxin (5 mg. per kilogram per 
24 hours) was not altered or was actually increased, except for those animals 
showing extreme nephrotoxicity. This was probably a result of the pyrogenic reac- 
tion (drug fever) which was present in many of the dogs. There appears to be a 
wide variation in renal toxicity of polymyxin in this dosage range. If the dis- 


turbances in renal function studies in the individual animals are correlated with the 


TasL_e 5.—Sodium and Potassium Excretion* by Dogs Receiving 5 Mg. of Polymyxin B per Kilogram 


Control Study Polymyxin for 4 Wk 1 to 6 Wk. After Polymyxin 


Plasma Urine Plasma _ Urine Plasma Urine Plasma’ Urine Plasma Urine Plasma Urine. 
Na Na kK K Na Na kK kK Na Na ‘ K 
148 O15 4.1 0.04 37 0.03 3 0.05 
152 0.09 4.8 0.05 14 0.07 8 0.04 

4t 141 0.16 4.2 0.06 14 0.13 ‘ 0.06 

5A 147 0.24 2.8 0.08 148 0.09 

5-B 146 0.08 3.9 0.02 153 26 0.04 O41 
140 O30 4.1 0.06 157 $3 0.08 0.10 

7-B 14 0.13 8.1 0.12 134 3 0. Py 

8.. 14 0.29 8.5 0.03 3. 0.08 0.18 

a. 142 0.23 4.1 0.09 ‘ 0.06 0.09 

141 0.08 3.8 0.04 3.4 0.04 0.0 


Mean 44 O17 3.9 0.05 143 3 0.05 O15 


* Sodium and potassium are in milliequivalents per liter. 

t Dogs received polymyxin for an additional two weeks without signifleant alteration from the four-week period. 
histologic findings at autopsy, it is seen that the most marked nephrotoxicity was 
seen in those dogs presenting histological evidence of a preceding chronic pyelo- 
nephritis, 

The administration of polymyxin in doses of 2.5 mg. per kilogram per day pro- 
duced no significant changes in either glomerular filtration rate or maximal tubular 
function, as illustrated by the grouping of the treatment values around 100% of 
control values. The determinations above and below the control values probably 
represent normal variations in renal function over a prolonged period of time. In 
a few of the dogs receiving the smaller dose an increase in renal plasma flow 
developed, probably reflecting the drug fever present in many of these animals as 
in the dogs receiving the larger dose of polymyxin. 

The microscopic study of the tissue sections revealed evidence of tubular degen- 
eration in those animals showing the most marked functional changes similar to 
that described by Light and his associates.’ 

—— 

7. Light, A. E.; Tornaben, J. A., and deBeer, E. J.: A Comparison of the Renal Effects 

of Polymyxin A, ‘Aerosporin’ and a Mercurial Diuretic, Antibiotics & Chemother. 2:63, 1952. 
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Fig. 1—Comparison of the glomerular filtration rate and maximum tubular reabsorption 
of glucose in dogs receiving 5.0 mg. of polymyxin B per kilogram. 
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Fig. 2.—Comparison of renal plasma flow and glomerular filtration rate in dogs receiving 
5 mg. of polymyxin per kilogram 
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Fig. 3.—Comparison of the glomerular filtration rate and maximum tubular reabsorption of 


glucose in dogs receiving 2.5 mg. of polymyxin B per kilogram. 
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Fig. 4.—Comparison of the renal plasma flow and glomerular filtration rate in dogs receiving 
polymyxin B (2.5 mg. per kilogram per 24 hours). 
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SUMMARY 
The administration of polymyxin B as single injections intravenously in doses 
of 2.5 mg. per kilogram produced acute renal injury and respiratory stimulation 
followed by depression. 


The intramuscular injection of polymyxin B in doses of 2.5 mg. per kilogram 


per day produced no significant changes in glomerular filtration rate, tubular 


reabsorption of glucose, renal blood flow, or excretion of potassium and sodium. 
Larger doses of polymyxin (5 mg. per kilogram per day) produced a reduction 
in both tubular and glomerular function. This was most marked in animals with 
histologic evidence of preceding chronic pyelonephritis. 
Histologic examination of tissues revealed no significant change in the liver or 
heart, but there was evidence of renal tubular degeneration in those animals showing 
the most marked renal functional alteration. 





TOXICITY OF POLYMYXIN B 
il. Human Studies with Particular Reference to Evaluation of Renal Function 


ELLARD M. YOW, M.D. 
AND 


JOHN H. MOYER, M.D. 
With the Technical Assistance of Miss C. Polk Smith 
HOUSTON, TEXAS 


A THE use of antibiotics has become more widespread, there has been an 
increasing number of strains of bacteria resistant to the most commonly used 
antimicrobial agents. Among the Gram-positive cocci, the Staphylococcus has shown 


the most rapid development of resistance. Pseudomonas aeruginosa and the Proteus 


group of Gram-negative bacilli are frequently naturally resistant to most of the 


antibiotics, and they rapidly acquire resistance to streptomycin. There has also been 
encountered an increasing number of strains of the coli-aerogenes group resistant 
to the usual antibiotics. In spite of the reported undesirable side reactions associated 
with polymyxin therapy, there have now been many clinical reports of patients 
having been treated successfully with polymyxin when other agents have failed. 
Its effect has been most striking in infections due to Ps. aeruginosa.'’ Polymyxin 
has also been of value in the treatment of acute and chronic Shigella infection 
ncasilaiaeeniinn 

From the Departments of Medicine and Pharmacology, Baylor University College of Med- 
icine, the Ben Taub Infectious Disease Laboratory and the Cardiac Clinic, Jefferson Davis 
Hospital, 

This study was supported in part by a grant from Burroughs, Wellcome & Company, Inc., 
and the polymyxin B (Aerosporin) was supplied through the courtesy of Dr. Donald S. Searle, 
Medical Director, Burroughs, Wellcome & Company, Inc. 

1. (a) Wallerstein, R. S., and Schoenbach, FE. B.: Polymyxin Effective in the Treatment of 
Pyocyaneus Sepsis; Report of a Case, J. Mt. Sinai Hosp. 16:190, 1949. (b) Hayes, FE. R., and 
Yow, E.: Meningitis Due to Pseudomonas Aeruginosa Treated with Polymyxin B, Am. J. M. 
Sc. 220:633, 1950. (c) Ruedemann, A., Jr.: Antibiotic Therapy of Pyocyaneus, read before the 
Wilmer Institute Residents, Baltimore, April 14, 1951. (d) Howe, C. W.: Invasive Infections Due 
to the Genus Pseudomonas, Surgery 29:748, 1951. (e) Tomlin, C. E.: Pseudomonas Meningitis : 
Report of a Case with Recovery After Polymyxin B Therapy, A. M. A. Arch. Int. Med. 87:863, 
1951. (f) Garrard, S. D.; Richmond, J. B., and Hirsch, M. M.: Pseudomonas Aeruginosa 
Infection as a Complication of Therapy in Pancreatic Fibrosis (Mucoviscidosis), Pediatrics 
8:482, 1951. (g) Graves, J. W.: Otitis Externa, and Its Treatment with a New Antibiotic 
Preparation, Eye, Ear, Nose & Throat Month. 31:32, 1952. (h) Light, A. E.; Tornaben, J. A., 
and de Beer, E. J.: A Comparison of the Renal Effects of Polymyxin A, ‘Aerosporin’ and a 
Mercurial Diuretic, Antibiotics & Chemother. 2:63, 1952. (1) Yow, E. M.: The Development 
of Proteus and Pseudomonas Infections During Antibiotic Therapy, J. A. M. A. 149:1184, 1952 


248 





YOW-MOYER—TOXICITY OF POLYMYXIN_ B 249 


resistant to previous therapy ° and in sepsis due to other resistant Gram-negative 
bacilli, such as aerobacter aerogenes. Infections of the urinary tract,’ the skin, the 
external ear and eye, and infected burns have been successfully treated with poly 
myxin B.* The reported effectiveness of polymyxin in the treatment of infections 
due to bacteria resistant to other antibiotics and the evidence of their increasing 
frequency make it desirable to reevaluate the toxic effects of polymyxin that have 


been previously reported. The following study was designed to investigate particu- 
larly the effect of the parenteral administration of polymyxin B on renal function. 


A previous paper presented the results of similar studies done on animals.* 
METHODS AND MATERIAL 


Observations on the side effect of polymyxin B administered intramuscularly were made on 
29 patients with Pseudomonas infections and on 10 control subjects. Routine clinical evaluation 
and laboratory studies were employed in the 29 patients suffering from infectious processes. 
Renal clearance techniques and electrolyte excretion studies were employed in the 10 control 
subjects. 

Renal Clearance and Electrolyte Studies —Ten patients were studied. Six of them had 
normal renal function, as estimated by a glomerular filtration rate of more than 85 ml. per 
minute. Four of them had evidence of impaired renal function, as evidenced by a glomerular 
filtration rate of less than 85 ml. per minute (Table 1). The glomerular filtration rate was 
measured with inulin, and the maximal tubular function was determined with p-aminohippurate 
in all 10 patients. Renal plasma flow was estimated in five patients using the p-aminohippurate 
clearance technique. Plasma concentrations of sodium and potassium and the rate of excretion 
of these electrolytes were determined on each occasion that renal function studies were done. 
Methods and analytical techniques employed have previously been described.6 After suitable 
control studies, the patients were given polymyxin B for two weeks, receiving 2.5 mg. per. 
kilogram per 24 hours. This was administered in divided doses at 4- to 6-hour intervals. Renal 
function tests were performed weekly during therapy. After completion of the course of poly- 
myxin renal function studies were repeated after one week, again after two weeks, and finally 
after one month. 

Clinical Studies.—In each case a control urinalysis and blood urea nitrogen determination 
were done, and in some of the cases phenolsulfonphthalein excretion and Fishberg concentra 
tion tests were also performed. During the administration of polymyxin B urinalyses were 
performed daily and blood urea nitrogen determinations were performed twice weekly. The 
phenosulfonphthalein excretion and Fishberg concentration tests were repeated after the comple 
tion of the course of therapy. The patients were also observed closely for other evidence of side 
reactions. 
sca 

2. Lieberman, D., and Jawetz, E.: Treatment of Chronic Shigella Infection in Children with 
Oral Polymyxins, Pediatrics 8:249, 1951 

3. (a) Schoenbach, E. B.; Bryer, M. D., and Long, P. H.: The Clinical Use of Polymyxin, 
Ann. New York Acad. Sc. 51:987, 1949. (b) Pulaski, E. J., and Rosenberg, M. L.: Use of 
Polymyxin in Gram Negative Urinary Tract Infections, J. Urol. 62:564, 1949. (c) Jawetz, E.: 
Laboratory and Clinical Observations on Polymyxin B and E, Am. J. Med. 10:111, 1951; (d) 
Infections with Pseudomonas Aeruginosa Treated with Polymyxin B, A. M. A. Arch. Int. Meg 
89:90, 1952. (e) Lieberman and Jawetz.* 

4. Jackson, D. M.; Lowbury, E. J. L., and Topley, E.: Pseudomonas Pyocyanea in Burns 
Its Role as a Pathogen, and the Value of Local Polymyxin Therapy, Lancet 2:137, 1951. Foot 
note 1 c, d, and gq. 

5. Moyer, J. H., and Yow, E. M.: Animal Studies on the Toxicity of Polymyxin B, with 
Particular Reference to an Evaluation of Renal Function, A. M. A. Arch. Int. Med. this 
issue, p. 2? ?. 

6. Moyer, J. H., and Mills, L. C.: Hexamethonium—lIts Effect on Glomerular Filtration 
Rate, Maximal Tubular Function, and Renal Excretion of Electrolytes, J. Clin. Invest. 32:172, 
1953. 
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RESULTS 


Renal Function and Electrolyte Studies —Atter polymyxin was administered 
for two weeks to the normal patients, the observations on glomerular filtration rate 
and maximal tubular function indicated that in some patients there was a tendency 
toward reduction in the latter (average value after two weeks was 91% of control) 
without associated depression of the glomerular filtration rate (Table 1). After 
polymyxin was discontinued, the maximal tubular function gradually returned 
toward the control levels, indicating that in this group of patients any tubular 
toxicity that may have been manifested was rapidly reversible. 

The patients with previously damaged kidneys showed more definite evidence 
of impairment of renal function due to prolonged polymyxin administration. Three 
out of four of these patients showed marked depression of maximal tubular function, 
This was associated with a sharp reduction in glomerular filtration rate in the two 
patients who showed the greatest degree of renal damage prior ‘to receiving 
polymyxin. In one of these patients (Th.) acute renal failure developed, but she 
also had severe portal cirrhosis. In this instance recovery of renal function was 
incomplete after polymyxin was discontinued one month later. However, the second 
patient who showed depression of both glomerular filtration rate and maximal 


Taste 2.—Renal Hemodynamics in Pattents Receiving Polymyxm B 


Control Study * Polymyxin for 2 Wk.* 


RPF/RBF FF Ht MBP RPF RBF Fr Ht MBP 
Ph we i0% 610/1109 0.225 4h 102 M47 1412 0168 i 87 
Ho ’ 6761146 Oso 41 122 S72 /1430 0.150 3t 106 
Vi , , anew BOS 13004 0.141 34 s12/1144 0.107 g 78 
Ab vere z= 660 / 1065 0.121 3s AY RRS 0.156 : 112 
Ow r core neg ait B35 / 1546 0.129 44} 805, 1342 O14) 103 
Tha P eteseeeee 49) 980 0.248 fT) ; 03S GG 0.234 j 0 


Mean i ceeeee  688/1191 0.176 42 737 / 1202 O16] 4 6 

* Abbreviations are as follows: RPF, renal plasma flow (p-aminohippurate), milliliters per minute; RBF, 
renal blood flow (milliliters per minute) RPF/1-Ht; FF, filtration fraction glomerular filtration rate 
(inulin)/renal plasma flow; Ht, hematocrit reading, milliliters per 100 mL; MBP, mean blood pressure 
diastolic pressure plus 1/3 of the pulse pressure 

+ Patient febrile (temperature 100 F.) 
tubular function due to polymyxin recovered without residual alterations in renal 
function. The third patient, who showed evidence of marked tubular damage 
(reduced maximal tubular function) but no reduction in glomerular filtration rate, 
also failed to show complete recovery. 

In the six patients studied there were no consistent alterations in plasma flow 
( p-aminohippurate clearance ) (Table 2). Three showed an increase in renal plasma 
flow, two showed a reduction, and in one there was no significant change. However, 
this determination was not performed on any of the patients with severe renal 
damage. 

Observations on creatinine clearance paralleled the other studies on renal fune 
tion. In the patient (Th.) in whom acute renal failure developed, there was a sudden 
rise in the creatinine plasma level from 0.9 to 6.6 mg. per 100 ce. 

Despite changes in maximal tubular function following polymyxin administra 
tion, there did not appear to be any significant alterations in the excretion rates of 
sodium and potassium or in the concentrations of these electrolytes in the plasma 


( Table 4). 
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Clinical Observations.—The clinical observations and routine urinalyses made 
during polymyxin B therapy are presented in Table.5. It was sometimes difficult 
to differentiate the renal changes due to the underlying renal disease from those 
due to the administration of the polymyxin. The hematuria, albuminuria, casts, 
elevation in blood urea nitrogen, and fever were considered to be due to the anti- 
biotic if they appeared during the administration of polymyxin and disappeared 
when it was discontinued. With these criteria, there were no serious reactions 
observed in the group, except in the control subjects with chronic renal insufficiency. 
The only examples of an increase in the retention of nitrogen, in hematuria, and in 
cylindruria occurred in the latter group. The most common associated side reactions 
were pain at the site of injection (74% ) and paresthesias (67%). Small amounts 
of albumin were observed in the urine of 33% of the patients, and drug fever was 


present in 18%. 


Taste 5.—Undesirable Side Effects Associated with the Administration of Polymyxin B 


Total Undesirable Side Reactions (Patients, No.) 

Patients 

Studied, Albu Hema Cylin- Nitrogen Local Pares 
Diagnosis No minuria turia druria Retention Pain Fever thesias Vertigo 
l 1 1 
] 
1 


Septicemia 
Pneumonia 0 
Lung abscess 0 
Bronchiectasis 
Empyema 
Pyelonephritis 
Prostatitis 

Subhepatic abscess 
Wound infeetion 
Meningitis 

None (control subjeets) 


1 
1 
1 


10 


Total... 


COM MENT 


The nephrotoxicity observed following the initial administration of polymyxin 

A and ID stimulated the study of other polymyxins, derived from different strains 
of Bacillus polymyxa. The initial pharmacological studies on polymyxin B indicated 
relative freedom from renal toxicity. Polymyxin B was then evaluated therapeuti- 
cally in several clinics. In 1949, Kaplan, Fischer, and Kohn? reported the use of 
polymyxin B in &4 patients with pertussis. Sixty-six of these patients received the 
antibiotic intramuscularly, and 18 by inhalation. The intramuscular dose was 4.8 mg. 
per kilogram per day for five days, and the dose by inhalation was 60% of the intra- 
muscular dose. Of those children receiving polymyxin B intramuscularly, 62 were 
said to have acquired drug fever, 33 albuminuria, and 26 microscopic pyuria and 
60 were lethargic and anorexic. Ten of the patients receiving the aerosal polymyxin 
had fever, but no other side reactions were noted. lollow -up studies on 21 of the 
8 


patients revealed no residual evidence of toxicity. Pulaski and his associates 
25 


observed 20 patients receiving polymyxin B intramuscularly in doses of from 2 


7. Kaplan, S.; Fischer, A. E., and Kohn, J. L.: Treatment of Pertussis with Polymyxin B 
(‘Aerosporin’), J. Pediat. 35:49, 1949. 

8. Pulaski, E. J., and others: Symposium on Antibiotics: Laboratory and Clinical Studies 
of Polymyxin B and E, J. Clin. Invest. 28:1028, 1949. 
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to 6 mg. per kilogram per day. VParesthesias, hyperesthesias, mild dizziness, and 


weakness were associated with the therapy, but all of the signs disappeared aiter 
the drug had been discontinued for 24 hours. Those patients receiving larger doses 
were found to have albuminuria and cylinduria. Pain at the site of injection was 
observed in many of the patients. Other investigators have noted even less toxicity, 
but in general lower doses were employed. Wallerstein and Schoenbach '* reported 
the successful treatment of a 26-year-old patient with pyocyaneus sepsis. Forty 
milligrams were given intramuscularly every six hours for 10 days. Drug fever was 
the only side effect noted. Kagan” reported the use of polymyxin B in a case of 
influenzal meningitis. The dose was 5 mg. per kilogram per 24 hours intramuscularly 
for six days and 2.5 mg. intrathecally for two days. No evidence of toxicity was 
reported. In July, 1950, Brakeley '’ reported the use of polymyxin B in another 
case of influenzal meningitis. The patient, a 3'2-year-old girl, was given 10 mg. 
intramuscularly every four hours for 11 days. One milligram was given intrathecally 
on three occasions. Drug fever was noted, but there were no other undesirable side 
reactions except a transient unsteadiness of gait. Jawetz“ reported the use of 
polymyxin B in 35 cases of Pseudomonas infections. Among 28 patients treated 
for seven days with intramuscular doses of 1.5 to 2.8 mg. per kilogram there were 
slight and transient increases in proteinuria in seven persons and a significant 
increase in the number of white cells in three. Renal function studies were per 
formed in three patients, revealing no significant changes. Other side reactions 
encountered were pain at the site of injection, paresthesias, dizziness, and a feeling 
of weakness. All of these signs disappeared within a day or two aiter discontinuance 
of the polymyxin therapy. 

The observations in the current study are in general agreement with the previous 
reports. However, these findings present a more precise analysis of the renal effects 
of polymyxin. In order better to visualize the over-all renal effects we have expressed 
our observations graphically in terms of percent of control values in Figures 1 and 2. 
In the patients without preexisting renal disease, the glomerular filtration rates and 
maximum tubular function remained in the general range of control values (Fig. 
1). The presence of chronic renal insufficiency prior to the administration of poly- 
myxin was a very definite factor in the response of the kidney function to the 
administration of the antibiotic. In the patients with preexisting renal damage there 
was predominantly a decrease in maximal tubular function, as indicated by the 
scattering of the points below the line of unity. The glomerular filtration rate also 
decreased, but to a less degree, so that the glomerular filtration rate: maximal 
tubular function ratio tended to increase. 

The presence of preexisting functional renal disease had a tendency, then, to 
increase the nephrotoxicity of polymyxin B. Probably the main reason for this 
result is that there is a relatively narrow margin between the therapeutic and toxic 
blood levels of polymyxin as compared to many other antibiotics. It has been shown 
that the excretion of polymyxin, like that of other antibiotics, is decreased in patients 
with renal insufficiency, so that the blood level attained is greater in the presence 


of decreased renal function than in the presence of normal renal function. There is 


9. Kagan, B. M.: Influenzal Meningitis: Recovery of a Case of 4 Weeks’ Duration with the 
Use of a New Drug, Polymyxin B (Aerosporin), Pediatrics 4:319, 1949. 
10. Brakeley, E.: Report of a Case of Influenzal Meningitis Treated with Polymyxin B 


{Aerosporin}, J. Pediat. 37:42, 1950. 
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also evidence from the animal experiments to suggest that chronic renal disease, as 


demonstrated in histological sections of the kidney, predisposed to nephrotoxicity of 


polymyxin, although renal function was normal prior to drug administration. The 


increased toxicity associated with polymyxin therapy in the presence of renal disease 


‘as emphasized in patient Th., who was the only patient in our experience in whom 


acute renal failure developed during polymyxin therapy. This patient also had severe 


liver disease with hepatic insufficiency, so that the possibility of the coexistence of 
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lig. 1.—Polymyxin therapy in cases of normal kidney function. There is no significant 


alteration in tubular or glomerular function. Dosage is 2.5 mg. per kilogram per 24 hours; 
Tmpah is maximal tubular function; GFR is glomerular filtration rate. 
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Fig. 2—Polymyxin therapy in cases of chronic renal disease. There is a further reduc- 
tion in both glomerular and tubular function. Dosage is 2.5 mg. per kilogram per 24 hours; 
Tmpah is maximal tubular function; GFR is glomerular filtration rate. 


the so-called hepatorenal syndrome and the failure of the liver to detoxify the poly- 


myxin might be considered. This patient’s renal function showed marked improve- 


ment when polymyxin was discontinued, but she was readmitted to the hospital a 


few weeks later with hepatic failure. 


The other undesirable side reactions associated with polymyxin B therapy are 


important largely because of the concern of the patient over the symptoms. The 
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paresthesias and vertigo were sometimes disturbing to the patients, but if the fact 


that these symptoms were harmless and transient was explained to them at the 
beginning of therapy most of the patients showed little concern. The fever which 
was frequently associated with the administration of the antibiotic was important 
only in the recognition that it was a drug fever and that the antibiotic should be 
continued until the temperature was entirely normal. The pain at the site of injection 
was the most distressing of the side reactions of polymyxin B administration. ‘This 
could be reduced by the addition of procaine to the solution, by decreasing the 
concentration of the polymyxin, and by giving smaller doses more frequently. 
Polymyxin E has been reported to produce considerably less local pain on injection 
and may be the answer to this problem." 

The neurological side reactions, like the renal effects, were closely related to 
the blood levels of the polymyxin B. The signs and symptoms decreased as the 
dosage was decreased and disappeared within 24 hours after use of the drug was 
discontinued in cases of normal renal function. In patients with decreased renal 
function, there was a delay in the excretion of the drug and a delay in the disappear- 
ance of the side reactions after discontinuance of use of the drug. 

These observations would seem to justify the conclusion that polymyxin B can 
be safely administered to patients with normal renal functions if the dose of 2.5 mg. 
per kilogram per day is not exceeded. Because of the failure of the kidneys to 
excrete the antibiotic when there is renal failure, smaller doses should be used for 
patients with chronic renal disease (1 to 2 mg. per kilogram per day). Jt should 
be stated, however, that the presence of renal infection, particularly acute infection, 
does not necessarily mean that there is a significant decrease in renal function and 
that a smaller dose should be given. In the present study several patients with 
acute pyelonephritis demonstrated an improvement in renal function during poly- 
myxin B administration. 

SUM MARY 

Observations on the side effects of polymyxin B administered intramuscularly 
to 29 patients with Pseudomonas infections and 10 control subjects are presented. 

Of the 39 patients, 13 showed transient albuminuria, 29 complained of pain at 
the site of injection, 7 had drug fever, and 26 complained of transient paresthesias. 
All of these side effects disappeared promptly after the antibiotic was discontinued. 

Differential renal function tests were performed on 10 control subjects. In six 
of the patients with no evidence of preexisting renal disease, the daily intramuscular 
administration of 2.5 mg. per kilogram in divided doses produced no serious altera 
tions in glomerular filtration rate, maximum tubular function, creatinine clearance, 
renal blood flow, or sodium and potassium excretion. In the patients in whom there 
was evidence of chronic renal disease, observations on glomerular filtration rate 
and maximal tubular function showed definite evidence of additional renal damage 
due to polymyxin. 

It may be concluded from the study that polymyxin B may be safely adminis- 
tered intramuscularly in doses of 2.5 mg. per kilogram per day to patients with 
relatively normal renal function. Smaller doses should be used for patients with 
chronic renal insufficiency, 2.0 mg. per kilogram or less, depending on the degree 
of renal damage. 


TTR 


11. Brownlee, G.; Bushby, S. R. M., and Short, E. I.: The Chemotherapy and Pharmacology 
of the Polymyxins, Brit. J. Pharmacol. 7:179, 1952. 





CARDIAC INVOLVEMENT IN MALIGNANT LYMPHOMA 


J. D. N. NABARRO, M.D. 
LONDON, ENGLAND 

LETHOUGH pathological evidence of cardiac involvement is often found in 
cases of malignant lymphoma, corresponding clinical manifestations are 
uncommon and when they do occur usually give rise to considerable diagnostic 
difficulty. The nature of the diagnostic problem varies with the stage in the develop- 
ment of the lymphoma at which the cardiac symptoms appear. In the rare cases 
in Which the early or presenting symptoms are those of heart disease, the correct 
diagnosis has seldom been made before autopsy. When a patient known to have a 
malignant lymphoma complains of cardiac symptoms, the neoplastic origin of these 
symptoms may be recognized, but in older patients they may be attributed to 
coronary artery disease. In the terminal stages, anemia and obstructive symptoms 
and signs often produce a picture closely resembling congestive cardiac failure and 

the presence of cardiac involvement may be overlooked. 

The clinical manifestations of heart disease of lymphomatous origin are dis- 
cussed in this report, and the nature of the diagnostic difficulties is illustrated by 
four case histories. The term malignant lymphoma is used to include neoplastic 
conditions arising in lymphatic tissue—reticulosarcoma, lymphosarcoma, lymphatic 
leukemia, and Hodgkin's disease (Gall and Mallory’). Malignant tumors of the 
thymus often invade the heart, but they have been excluded from this discussion 


because a full review has recently been published (Fershtand and Shaw *). 


PATHOLOGICAL MANIFESTATIONS 


In the last five years autopsies have been performed at this hospital on 60 


patients who died from malignant lymphomata and evidence of cardiac involvement 


has been found in 16. Scott and Garvin * found similar evidence in 14 out of 54 


and Herbut and Maisel* in 5 out of 29 autopsies. The pericardium may show 
nodular or plaque-like deposits, and these may be associated with a pericardial 
effusion which is often hemorrhagic. The myocardium may be studded with dis- 
crete nodules or occasionally show diffuse infiltration. Dalous and others ® and 
Garvin © have reported cases in which large mediastinal masses penetrated all coats 
of the heart and produced endocardial vegetations. The incidence of cardiac involve- 
From the Medical Unit, University College Hospital Medical School. 
Gall, E. A., and Mallory, T. B.: Am. J. Path. 18:381, 1942. 
. Fershtand, J. B., and Shaw, R. R.: Ann. Int. Med. 34:1025, 1951 
. Scott, R. W., and Garvin, C. F.: Am. Heart J. 17:431, 1939. 
Herbut, P. A., and Maisel, A. L.: Arch. Path. 34:358, 1942 
5. Dalous; Fabre, J., and Pons, H.: Arch. mal. coeur 29:89, 1936 
. Garvin, C. F.: J. A. M. A. 117:1876, 1941. 
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ment in the various types of malignant lymphoma is shown in the Table; there 
was no evidence that one type of disease was associated with any particular 


pathological manifestation. 


CLINICAI MANIFESTATIONS 


The following case reports illustrate some of the clinical manifestations that 


may result from cardiac involvement in malignant lymphoma. On the basis of the 


diagnostic problems the patients may be divided into three groups, depending on 
whether the cardiac disturbance precedes the diagnosis of lymphomatous disease 
or whether it appears in the course of the disease or in the terminal stages. 


Case 1.—Congestive Cardiac Failure as the Presenting Symptom of Reticulosarcoma—The 
He had been troubled for some years by recurrent sore 


patient was a Polish student aged 32. 
1950, when he complained of palpitation, 


throats but had otherwise remained well until May 
epigastric pain, and shortness of breath. He was admitted to the hospital with fever (101.6 F.), 
an irregular rapid pulse, low blood pressure (95/40), marked cyanosis, and edema of the legs 


Examination of the cardiovascular system revealed venous congestion in the neck, an enlarged 


Postmortem Evidence of Cardiac Involvement nm Malignant Lymphoma at University 
( ollege fospital, 1946 1951 


Evidence of Cardiac 
Involvement 
Microscopic 
Macroscopic Only 
1 


Neoplasm 
Reticulosarcoma aes , 
Lymphosarecoma and lymphatic leukemia 
Hodgkin's disease. 


Total 4 


liver, and rales at the lung bases. The heart was enlarged (apex beat 6% in. [16 em.] from 


the midline in the sixth space), the heart sounds were loud and there were no murmurs, but 


a gallop rhythm was present. X-ray examination confirmed the cardiac enlargement, affecting 


all chambers of the heart; pulsation was poor, but the silhouette was not considered diagnostic 


of pericardial effusion. An electrocardiogram was interpreted as showing auricular flutter with 


varying block, and there were low voltage curves. The blood cell count was normal. The 
diagnosis at this time remained obscure; an unexplained myocarditis, an endocarditis, or a 


pericarditis all seemed possible. Complete bed rest in an oxygen tent, with digitalis therapy, 


led to slight improvement. However, the patient continued to have a_ fluctuating fever 


with rigors, which was unaffected by antibiotic therapy, and a gland in the right posterior 


triangle became slightly enlarged. Three weeks after admission a nodule appeared on the ches 
wall, biopsy of which showed a reticulosarcoma. Two brief x-ray treatments were given to the 
gland in the neck, and it disappeared rapidly. As the condition proved so sensitive, irradiation 
of the precordium was started four weeks after admission, and six applications were giver 
over the next fortnight. The patient’s condition began to improve during this period, but. the 


change was short lived and he failed rapidly and died less than two months after the onset of 
the symptoms. 

At autopsy the heart was found to be flabby and dilated; there were no lymphomatous 
deposits in the myocardium, neither did its macroscopic appearance suggest any infiltration 
The liver was greatly enlarged, and a lymph gland from the left side of the neck showed nodules 
of tumor infiltration; apart from this, however, there was no evidence of malignant disease 
Microscopic examination of the heart showed that there was some infiltration and that the 


myocardium was severely damaged (Fig. 1). The liver showed congestive changes and lympho 


matous infiltration. 





260) A. M. . ARCHIVES OF INTERNAL MEDICINE 


Case 2.—Pericarditis Occurring in the Course of Hodgkin's Disease-—Mr. K. was 57 when 


first seen at University College Hospital, in April 1947. He complained that his health had 


been deteriorating gradually for the last 10 years and that his abdomen had been swelling for 


about 12 months. On examination he was found to have a very large spleen and some hepato- 
J I 


megaly. Blood studies showed 80% hemoglobin and a white cell count of 72,000, with 33% 


I ae 
Meas ude ve Og Me 


Fig. 1 (Case 1).—A, section of myocardium; x 


170. B, section of myocardium; xX 600. 


polymorphonuclear leucocytes and 31% myelocytes. A diagnosis of chronic myeloid leukemia was 
made and a course of deep x-ray therapy given. The patient improved considerably after this 
and was fairly well until June 1948, when precordial pain and palpitation developed. He was 
readmitted to the hospital and was found to have venous congestion in the neck and apical 
pericardial friction. His blood pressure, which previously had been 150/85, was now 118/80 


mm. His hemoglobin was 70%, and the white cell count was similar to the earlier ones The 
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electrocardiogram was not grossly abnormal, but in view of the history, the venous congestion, 
and the pericardial friction a diagnosis of coronary thrombosis was made. With rest in bed the 
congestion and friction rub disappeared and the patient's general condition improved. Roentgeno- 
logical examination of the heart a month after admission showed considerable cardize enlarge 
ment but poor pulsation; however, when this was repeated eight weeks later the heart shadow 
was much smaller (Fig. 2). The patient’s condition remained satisfactory for a few months, 
but he then deteriorated rapidly and died in January 1949 

Autopsy showed a very big liver studded with tumor nodules; the spleen also was con- 
siderably enlarged. The pericardium was adherent, and there were two large epicardial deposits 
of neoplastic tissue, one at the apex and the other in the auriculoventricular groove. The 
coronary arteries were all widely patent. Microscopic examination showed the deposits to be 


Hodgkin's tissue. 


This patient had Hodgkin's disease with a leukemoid blood picture, but the 


correct diagnosis was made only after microscopic examination of tissues obtained 


er 


Fig. 2 (Case 2).—A, chest x-ray; 6 ft.; July 22, 1948. B, chest x-ray; 6 ft.; Sept. 21, 1948. 
at autopsy. When the cardiovascular symptoms developed they were attributed to 
coronary artery disease, but from the autopsy findings it seems probable that the 
patient had a pericarditis of malignant origin with an effusion which underwent 
spontaneous resolution, 


Case 3.—Hodgkin's Disease with Terminal Congestive Cardiac lailure.—In 1940, a young 
man, then aged 28, was found to have Hodgkin's disease. Over the next nine years he had 
many courses of deep x-ray therapy and several courses of nitrogen mustard (methyl-bis 
[8-chloroethyl] amine hydrochloride) injections. He remained at work until October 1948, 
when congestive cardiac failure with gallop rhythm and moderate hypertension (blood pressure 
180/100 mm.) developed. He failed to respond to general treatment or to the administration 
of 8-naphthyldi-2-chloroethylamine (a nitrogen mustard derivative for oral administration 
| Haddow *]) 

At autopsy there were found widespread malignant deposits in the thorax. The heart was 
slightly enlarged and was surrounded by a thick fibrous adherent pericardium with a mass of 
malignant tissue over the right ventricle 


een 


7. Haddow, A.: Practitioner 167:36, 1951 
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This patient’s hypertension was unexplained, but the thick fibrous sheath 
encasing the heart was apparently responsible for the terminal congestive failure. 
The unusually fibrotic character of the malignant tissue was associated with the 
chronic nature of the disease process in this patient and to its treatment with deep 
x-ray therapy. 

COMMENT 

Invasion of the heart or pericardium by malignant lymphomatous tissue rarely 
gives rise to symptoms or abnormal physical signs. When clinical manifestations 
are present, the commonest syndrome is that of intractable congestive cardiac 
failure. This may result from mediastinal tumors invading the heart (Dalous and 
others,” Garvin ®), from discrete deposits in the myocardium ( Mallory *), or from 
diffuse infiltration of the myocardium as in Case 1 and those cases reported by 


Hsiung and others * and Steven.’ Clinical examination usually shows severe con- 
gestive failure, considerable cardiac enlargement, and a gallop rhythm. Chest 
x-ray confirms the cardiac enlargement, and screening, when this is possible, shows 
very poor pulsation. The electrocardiogram is usually of low voltage and in some 
cases shows a disturbance of conduction or abnormal rhythm. Complete heart 
block has been reported by Dalous and others,’ Brick and Greenfield,"’ and 
Dagnini,'* and partial heart block has been reported by Mallory.* Auricular fibril- 
lation was present in the case described by Garvin,® and there was auricular flutter 
in Fishberg’s case.'* The other common clinical picture results from the develop- 
ment of a large, usually hemorrhagic, pericardial effusion (Lisa and others,"* 
Wendkos,'® Ayerza and Cernich,’® and Jackson and Parker '*). Pericardial involve- 


ment may occasionally cause obstruction of a coronary artery (Fishberg '*), 


pericardial friction (Harrell '*), or a syndrome resembling constrictive pericarditis 


(Case 3). 

When the initial manifestations of the lymphomatous process are those of cardiac 
involvement, it often proves difficult to make the correct diagnosis. Such cases are 
rare, but the following reports have been found in the literature :’° 


Cleriei (1927) Reticulosareoma Tumor masses at the base of 
the heart 


Dalous and others (1936) Hodekin's disease Mediastinal tumor invading the 
heart 


Lisa and others (1941) Lymphosarecoma Pericardial effusion 
Mallory (1941) Reticulosarcoma Myocardial deposits 
Wendkos (1941) Lymphatie leukemia Pericardial effusion 
Ayerza and Cernich (19438) Hodekin’s disease Pericardial effusion 
Steven (1945) Lymphosarcoma Myocardial infiltration 
Dagnini (1950) Reticulosarcoma Myocardial deposits 
Hagans (1950) Hodgkin's disease Pericardial effusion 
a 


8. Mallory, T. B.: New England J. Med. 225:76, 1941. 
9. Hsiung, J. C.; Szutu, C.; Hsieh, C. K., and Lieu, V. T.: Chinese M. J. 57:1, 1940. 
. Steven, R. A.: Am. Heart J. 30:411, 1945. 
11. Brick, 1. B., and Greenfield, M.: Am. Heart J]. 34:599, 1947, 
12. Dagnini, G.: Arch. ital. anat. istol. pat. 23:470, 1950 
13. Fishberg, A. M.: Am. J. M. Sc. 180:629, 1930. 
14. Lisa, J. R.; Hirschhorn, L., and Hart, C. A.: Arch. Int. Med. 67:91, 1941. 
15. Wendkos, M. H.: Am. Heart J. 22:417, 1941. 
. Ayerza, L., and Cernich, R.: Rev. Asoc. méd. argent. 57:981, 1943. 
17. Jackson, H., Jr., and Parker, F., Jr.: New England J. Med. 233: 369, 1945. 
18. Harrell, G. T.: Arch. Path. 28:58, 1939. 
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When early myocardial involvement leads to the development of congestive 
cardiac failure as the presenting feature of the disease, clinical, roentgenological, and 
electrocardicgraphic examinations are unlikely to help in diagnosis. The possibility 
of lymphoma should be considered in all cases of unexplained intractable congestive 
failure, and, although a fluctuating temperature of the Pel-bstein type is sug 
gestive, the correct diagnosis cannot be made unless suitable tissue is available for 
biopsy. In the patients with a pericardial effusion the problem is equally difficult, 
but examination of the fluid may reveal characteristic cells (Ayerza and Cernich '"). 

When cardiac symptoms develop in a patient known to be suffering from 
malignant lymphoma, the possibility must be considered that they are of neoplastic 
origin. In the terminal stages the diagnosis is complicated by venous obstruction 
resulting from neoplastic masses. The difficulties that may arise are illustrated by 
the following case report. 

A woman aged 72 developed symptoms of a rectal tumor nine months before death. Biopsy 
showed a lymphosarcoma. Deep x-ray therapy led to great improvement, but a few months 
later glandular masses appeared in the neck, mediastinum, and abdomen. There was venous 
congestion in the neck, edema of the legs and sacrum, enlargement of the liver, and bilateral 
pleural effusions. It was impossible to decide whether these were obstructive phenomena ot 
were associated with congestive cardiac failure. At autopsy, in addition to widespread tumor 
deposits, a few of which were in the pericardium, there was evidence of severe coronary artery 
disease. 

Treatment has proved disappointing. Transient improvement usually follows 
bed rest, oxygen therapy, digitalis therapy, and, where indicated, pericardial 
aspiration. Deep x-ray therapy to the heart has been used in a number of cases. 
In Case 1 a very brief and partial remission resulted, and Dalous and others ° and 


Hsiung and others * reported similar experiences. In these patients the disease ran 


a rapid course. Garvin® has described a case of Hodgkin's disease of 10 years’ 


duration in which several months’ remission of terminal congestive failure followed 
irradiation. The original nitrogen mustard has little place in the treatment of this 
complication, because of the severe vomiting that usually occurs, although Hagans ™ 
used it with some benefit in a case of pericardial effusion. It is likely that the new 


nitrogen mustard derivatives (Haddow *) will prove more valuable. 


SUM MARY 

Pathological evidence of cardiac involvement in cases of malignant lymphoma is 
not uncommon. Clinical reports describing this involvement are few. 

When cardiac abnormalities are the presenting feature of a lymphoma the 
diagnosis is difficult, but when they occur in patients known to be suffering from 
the disease, the possibility of their neoplastic origin always should be considered. 

The two commonest clinical pictures are that of intractable congestive cardiac 
failure and that resulting from a pericardial effusion. Treatment by irradiation has 
proved disappointing. 

19. (a) Clerici, C.: Tumori 13:90, 1927. (b) Dalous, Fabre, and Pons. (c) Lisa, Hirsch- 


horn, and Hart.14 (d) Mallory. (e) Wendkos.15 (/) Ayerza and Cernich.1® (gq) Steven.'9 
(h) Dagnini.’2 (1) Hagans, J. A.: Am. Heart J. 40:624, 1950. 
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Three cases are described. In one in which the patient presented intractable 
congestive failure due to reticulosarcoma, the diagnosis was made by biopsy of a 
skin nodule. The tumor was highly radiosensitive, but treatment was unsuccessful. 
In the second case pericarditis with effusion developed in the course of Hodgkin’s 
disease, and in the third there was a complicated picture of hypertension and 
pericardial fibrosis giving rise to congestive failure in the terminal stages of the 


disease. 

The x-ray studies were done by Dr. S. Cochrane Shanks; the oral nitrogen mustard deriva- 
tive was provided by Professor A. Haddow, and the photographs were made by Mr. A. Bligh. 
Professor G. R. Cameron gave permission to refer to autopsy records and gave advice on the 
pathological aspect of the cases. Dr. E. L. G. Hilton, Director of the Radiotherapy Department 
of this hospital, gave help in the management of the cases and in the preparation of this report. 





FAT-LOADING STUDIES IN RELATION TO AGE 


JOSEPH HERZSTEIN, M.D. 


CHUN-I WANG, M.D. 
AND 
DAVID ADLERSBERG, M.D. 
NEW YORK 


FAULT of lipid metabolism has been implicated in the genesis of athero- 

sclerosis in man and in experimental animals. Since the production of 
atherosclerotic lesions in rabbits with hypercholesteremia induced by cholesterol 
feeding,’ this substance has been considered of prime significance in athero- 
genesis. More recently, variations in the ratios of lipid fractions such as the 
cholesterol: phospholipid and the alpha: beta lipoprotein ratios have been advanced 
as possible determining factors.? 

At the present time, study of the physical and physicochemical state of serum 
lipids is receiving considerable emphasis. In several reports Gofman and_ his 
co-workers * have related certain lipoproteins of specific densities, as differentiated 
in the ultracentrifuge, to the atherosclerotic process. In addition, a difference has 


also been reported in the clearing effect of heparin on the blood serum of men with 


atherosclerosis as compared with normal subjects.4; Other workers impute a rela- 
tionship between large fat particles (chylomicrons) and atherogenesis.° 
se on 

From the departments of Medicine and Chemistry, Mount Sinai Hospital. 

This investigation was supported in part by a research grant from the Division of Research 
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1. Anitschkow, N., in Arteriosclerosis, edited by E. V. Cowdry, New York, The Mac 
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Moreton ° believes that transient showers of large lipid particles in the plasma 
produced by fatty meals over a lifetime provide the underlying basis for athero- 
sclerosis, while Becker, Meyer, and Necheles* suggest that an alteration in the 
rate of absorption of fats in older people might help to explain atherogenesis in 
the aged. They reported a difference, based on chylomicron counts, in the response 
of young and old subjects to the intake of fat. After ingestion of a standard fat 
meal, elderly persons, in contrast to young subjects, had an increased number of 
fat particles in the circulating blood and a prolonged chylomicronemia. 


In view of the possible relationship of large lipid particles to atherosclerosis, 


we attempted to devise a technique using a quantitative chylomicron count (chylo- 
microns per cubic millimeter of serum or plasma) which could be used clinically 
as a simple fat-loading test. We thought the application of such tests in young and 
old subjects might more reliably reveal differences in fat absorption or fat transport. 
As explained below, we encountered difficulty in making accurate chylomicron 
counts with any of the techniques at hand and decided, therefore, to limit our 
studies to chemical analyses of serum lipids before and after a fat meal in two 
groups differentiated primarily by age. 


PROCEDURE 

Selection of Subjects. —Fat-loading tests were made on 21 persons who, with the exception 
of one hospital employee, were either preoperative or convalescent patients in the hospital 
wards. There were 10 subjects in the “young group,” ranging in age from 17 to 34 years, 
with a mean of 24.9 years, and 11 subjects in the “older group,” with ages between 51 and 71, 
averaging 620 years. None of the subjects was known to have any metabolic disturbance, 
coronary artery disease, hypertension, gastrointestinal disorder, or other condition which 
might affect absorption or transport of fat. Any atherosclerosis that was present in members 
of the older group, and there undoubtedly was some, was not evidenced in their history, 
symptoms or physical signs. The diagnoses appear in Table 1. We also performed studies on 
six blood donors, the test being conducted for a six-hour period only. They were healthy 
men, 46 to 58 years old, and constituted a group of intermediate age, with a mean of 50.3 years. 

Fat-Loading Test.—A test meal was given at 7:30 a. m. after an all night fast. The meal 
consisted of a quantity of heavy cream equivalent to 1 gm. of fat per kilogram of body 
weight (1.2 cc. of 40% cream per pound of weight), tea with sugar, and a slice of unbuttered 
toasted white bread. During the test the subjects were kept at rest and did not smoke. Blood 
specimens were drawn when fasting and 2, 4, 6, 12, and 24 hours following ingestion of the 
meal. After the sixth hour and again at dinner time a small repast of fat-free food, consisting 
of plain cooked rice, stewed fruit, jello, and fruit juice, was permitted. Water and tea with- 
out milk or cream were also allowed. This type of fat-loading test had been used in fat 
absorption studies in sprue and jejunoileitis by Adlersberg and Sobotka.” In normal control 
subject they found considerable variations in serum lipids, the maximum rise occurring approxi- 
mately four hours after fat ingestion. Total serum lipids were determined by the Bloor method. 
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Fasting specimens were also examined for serum cholesterol, for esterified cholesterol (Sperry- 
Schoenheimer method), and for phospholipids (Sperry’s modification of the Fiske-Subbarow 


method). 


Before reviewing the results of our studies, we will present a brief discussion 
of the chylomicron count and our experience with it. 


THE CHYLOMICRON COUNT 


In studies of fat absorption and assimilation Gage and Fish '® gave the name 
“chylomicron” to the luminous particles in the blood observed in the microscope 
under dark-field i!lumination. They used specimens of finger blood and counted 
the particles seen in one plane of the microscope field. Frazer and Stewart '! 
extended these studies and standardized a technique for counting chylomicrons. 
Because of the difficulty in making accurate counts of these moving particles they 
averaged the readings of two observers. When a marked difference in the individual 
results occurred, they recounted the particles or prepared a new specimen. Follow- 
ing a fat meal they noted that the chylomicronemia reached a maximum in two to 
three hours and returned to the resting level after four and one-half hours. The 
counts paralleled changes in total lipids but not the cholesterol content of the blood. 
The size of chylomicrons, as calculated by Elkes, Frazer, and Stewart,'* varied 
from 35 » to 1 win diameter. Their analyses showed the particles to be negatively 
charged and the counts to be related to the neutral fat content of the blood and 


not to serum cholesterol, phospholipid, or protein values. The chylomicron counts 
of Becker, Meyer, and Necheles * were made by selecting a single plane of maximal 
density of particles and averaging the number found in three fields. When the 


difference between two counts was greater than 15%, a recount was made or a 
new specimen prepared. Zinn and Griffith * found this method of particle count 
ing to have wide limits of error, and because of its shortcomings Moreton 
considered the technique of counting chylomicrons inadequate for clinical adoption 
and abandoned it in favor of the nephelometric principle using the Tyndall effect 
of scattered light. White, Ralston, and Carne '* also used the nephelometric 
technique instead of the chylomicron count. 

One of us (J. H.) similarly found the technique of chylomicron counts 
extremely difficult and subject to considerable error. While being counted, the 
dancing particles with their Brownian movement vary in light intensity and move in 
and out of focus or out of the field altogether, their movement resembling that of 
dust particles in a beam of light. An unsuccessful attempt was made to inhibit 
3rownian movement with the use of solutions of gelatin and methylcellulose. Simi- 
larly fruitless was an effort to stain the particles with nigrosin and Nile blue 
sulfate, both serum-miscible and water-soluble dyes, which might have obviated 
the use of the dark-field microscope. Finally, we tried to count chylomicrons in a 
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phase microscope, in which effort we were assisted by the American Optical 
Company. When we used a ruled Petroff-Hauser bacteria-counting chamber in a 
phase microscope, the chyfomicrons of a lipemic serum were present in such teeming 
numbers that the particles could not possibly be counted. In certain specimens the 
larger particles were in evidence against a background of poorly defined moving 
particles too small to be enumerated. It was felt that errors inherent in the tech- 


nique might be too large for the purpose of the present study. 


TABLE 1.—Lipid Composition of Fasting Serum in Both Age Groups 


Total Esterified Phospho- 
Hospital Lipids, Cholesterol, Cholesterol, lipids, Neutral Fat, 
Age, Yr Diagnosis Mg./100 Ce. Mg./100 Ce. Mg./100 Ce. Mg./100 Ce. Mg./100 Ce 
Subjects under 35 yr 
17 Fracture of femur 680 225 184 241 214 
19 Split tendon 400 114 176 72 
20 Skin graft 790 174 230 328 
23 Schistosomiasis 510 132 
23 Fractured sacrum 680 171 
27 Intestinal parasitism 440 121 182 
27 Spondylolisthesis 640 149 237 
920 199 239 


225 


28 Normal health 
31 Dislocated shoulder 600 166 320 
34 Post pneumonia 720 165 220 
AAS 638.0 156.6 230.0 
8. D §.2 10.5 33 25 39.0 
Subjects over 50 yr 
B. P. 6 Singultus : 
P. W. bf Club feet 7 H 116 
M. J § Vein ligation , 187 
J.C f Prostatism j 106 
" F Prostatism T 2: 142 
J.F Prostatism 172 
M.W. Inguinal hernia 2 xs 
H. Prostatism 25 155 
E. P. j Low back pain 3 173 
1.W Vein ligation r 207 
R. W. Hip fracture 7] 196 


Mean 169.8 


8. D 2 bs 34.0 


0.30 


Probability 


RESULTS OF SERUM LIPID STUDIES 


“Lasting” Serum Lipids.—In the fasting state the lipid composition of the sera 
of the two groups used in the 24-hour tests was fairly similar. The figures are given 
in Table 1. The mean for the total lipids of the young subjects was 638 mg., and 
for the older group 809.1 mg. per 100 ml. While the mean for the older group is 
higher, the large standard deviation does not make it significantly so. Seven of 
the 10 values found in the older group can be matched with similar values in the 


young group. The mean values for total cholesterol, esterified cholesterol, phospho 


lipids, and neutral fats were also higher in the older group. This slight increase 
in the cholesterol figures in the older subjects is in accord with the findings of 
Keys and his co-workers,‘ who found rising values of cholesterol from youth to 
TT 
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Concentration of Cholesterol in the Blood Serum of Normal Man and Its Relation to Age, 
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middle age, with lower values appearing again in the older age groups. Similarly, 
Gertler, Garn, and Bland *” reported a steady rise in the level of serum cholesterol 
with advancing years. However, in our sraall series the variations in the lipid 
figures were fairly wide in each age group and the deviations of the means would 
seem to nullify any difference in their starting or fasting level (P? 0.05 to 0.35). 

Effect of Fat Meal on Serum Lipids——The data concerning the serum lipids 
after the test meal are given in Table 2. Ingestion of the fat meal effected a rise 


Taste 2.—Serum Total Lipids Before and After Fat Meal in Young and Old Subjects* 


Maximum Rise 

urs After Fat Meal Above Fasting 

Level During 

Fasting : 12 24 24 Hr. Period 


Subjeets under 35 
H 


ISO 


10 
180 


170 


Mean 
Ss. D 


Subjeets over 50 yr 
B. P 
P. 'W 


910 
R. W r si6 700) i 86 


Mean ? 9 906.4 822.8 80.6 
oD... 2 95.3 18.0 123.3 153.4 


Probability OO?5 0.001 0.0014 4.001 


* Serum total lipid values are given in milligrams per 100 c¢ 


in the total lipid content of the blood in all but one instance, subject C. S., in the 
young group. In each group there was considerable variation in the increment of 
serum lipids after the tat meal. Among the nine young subjects in whom a rise 
occurred, it ranged from 10 mg. to 230 mg., with a mean of 149.5 mg. per 100 ml. 
In the older group the postprandial serum lipid elevation ranged from 15 mg. to 
575 mg. per 100 ml. Excluding the one subject, J. I°., who exhibited this apparently 
exceptional rise of 575 mg., the range of increment in serum lipid was from 15 mg. 
to 290 mg., with a mean of 162.8 mg. per 100 ml., an amount not very different 
from the mean of 149.5 mg. found in the young subjects (Table 2). 

After two hours the mean total lipid in the young group increased by 81.1 mg. 
per 100 ml. above the fasting level. The rise in the older group after two hours 
was approximately the same, namely 81.4 mg. per 100 mil. The peak rise in the 


young group occurred at the two-hour period, after which the total lipid values fell 
by the sixth hour to the fasting level. On the other hand, in the older group the 
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mean total lipid rose after the second hour to a peak at the fourth hour. After four 
and six hours the mean total lipid value in the older group was still 116.8 mg. and 
97.3 mg. per 100 ml., respectively, above the fasting level. At the end of 24 hours 
the mean total lipid was still slightly above the fasting figure in this group. Because 
of the wide variations in the total lipid figures in each group at all test intervals 
following the fat meal, the standard deviations of the means were fairly large. 
However, a calculation of the probability indicates that the maintained elevation 
of serum lipids at the 4-, 6-, 12-, and 24-hour periods in the older group as com- 
pared with that in the young group is significant (P — > 0.001 to 0.0025). 
When the total lipid figures for each subject are scrutinized, in neither group 
is there found any evidence of a distinctive pattern for rise and fall of the lipids 
after the test meal. Peak values occurred at various intervals after the fat meal, 
with no regularity. Highest levels were noted in the curves for young subjects 
when fasting and at 2, 4, 6, and 24 hours after the fat meal. Similarly, in the older 


group peak figures occurred at no special time. Four peaks occurred at the six- 


Taste 3.—Serum Total Lipids After at Meal in Six Ambulatory Subjects 
(Intermediate Age Group )* 


Fasting Lipid Fractions 
Total Lipids After Test Meal / 

Fasting Esterifled 

Total After After After Choles-  Choles- Phospho- Neutral 
Lipids 2Hr 4 Hr. 6Hr terol terol lipids Fat 
620 T&M) SOO 740 198 147 261 161 
700 680 820 sO 195 145 247 258 
1,150 1,060 760 1,140 232 187 285 633 
670 900 640 630 268 226 222 180 
} 660 690 660 640 186 137 261 213 

7A 5s 780 S00 7) 770 265 207 248 287 

Mean 3 763.3 813.3 738.3 793.3 224.0 174.8 254.0 288.7 


Ss. D 4.9 180.0 132.7 67.0 171.3 33.4 33.9 19.0 156.6 


* Serum total lipids and lipid fractions are given in milligrams per 100 ce 


hour period, while peaks also were found at the 2-, 4-, 12-, and 24-hour intervals. 
In a general way, however, it may be stated that the young subjects exhibited a 
more rapid elevation in serum lipids than the older ones. In the young subjects 
6 of 10 peaks occurred at two to four hours, while in the older persons 7 of 11 


peaks occurred at four to six hours. 

In addition to the 24-hour tests made on hospitalized patients, we performed 
fat-loading tests on six healthy ambulatory subjects ranging in age from 46 to 58 
years, averaging 50.3 years. These subjects arrived in the fasting state at 7:30 
a.m. at the laboratory, where they remained at rest for the duration of the test. 
Blood was drawn for total lipid determinations when fasting and 2, 4, and 6 hours 
after the fat meal. The data for this group are given in Table 3. Their mean 
fasting serum lipid fractions, though not markedly different from the means of the 
young group, resemble more closely those of the older hospitalized subjects, whose 
mean age was 62 years. The maximum mean rise, of 50 mg. total lipid per 100 ml., 
occurred after two hours. It fell slightly after the four-hour period and rose again 
after six hours. Three peaks occurred at the two-hour interval. In four of the six 
subjects the serum lipids had returned to the fasting level by the fourth hour. There 
seemed to be no delay in this group of intermediate age in the return of the serum 


lipid values to the fasting level, as compared with the young group. 
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COMMENT 

These studies indicate that there is an age difference in the response to ingestion 
of fat characterized in the old by a prolonged elevation of serum total lipids lasting 
up to 24 hours. This was evidenced in a group of hospitalized persons with a mean 
age of 62 years who were compared with a control group with a mean age of 24.9 
years. It was not found in a small number of ambulatory subjects whose mean age 
was 50.3 years and in whom the tests were performed for a period of six hours 
only, suggesting that the difference in behavior may exist only at widely disparate 
ages. 

Though marked variations in the total lipid figures were found in the three 
groups, the mean starting levels of serum total lipids of the two older groups were 
higher than those of the young group. This supports the recent studies which, 
despite some controversial reports in previous years,'® indicate that a moderate 


and progressive increase in blood total lipids and cholesterol is observed with 


advance in age.’® While the immediate quantitative increase in serum lipids was 
similar in both hospitalized groups, beyond the first two hours the older group 
displayed a still further rise through the sixth hour, by which time the total lipids 
of the young subjects had already fallen. Using a chylomicron count technique, a 
finding similar to this was reported by Becker and his associates.’ White, Ralston, 
and Carne,’* however, found that age influenced chylomicronemia less than did 
activity during the tests. 

The elevated lipid values of the aged in these fat-loading tests suggest either a 
retarded uptake of fat in the old or a slower clearing of fat from the blood stream. 
This difference in behavior could be related to the generally lowered basal metab- 
olism that may be seen in the aged or to an alteration in response to a specific 
metabolite similar to the change in glucose tolerance in old age." 

Even if a difference in handling ingested fat in the old were unequivocally 
established, its significance with regard to the atherosclerotic process would still 
remain to be clarified. It cannot be assumed a priori without further evidence that 
a causal relationship exists between prolonged postprandial lipemia and athero- 
sclerosis. There is no doubt that in disease states in which hypercholesterolemia 
occurs, atherosclerosis 1s found with greater frequency. The association of abnor- 
malities of lipid metabolism and atherosclerosis as seen in diabetes, in nephrosis, 
and in familial hypercholesterolemia '* must be more than a concomitant finding, 
but whether prolonged postprandial lipemia can be considered in a similar way as 
an error of lipid metabolism related to atherogenesis remains to be proved. 
aia 
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SUM MARY 

Two groups of hospitalized subjects, one with a mean age of 24.9 years, the 
other an older group, with a mean age of 62 years, Were given fat-loading tests 
with a view to uncovering any possible age difference in reaction to alimentary 
lipemia. None of the subjects was known to have any metabolic disease or any 
stigmata associated with atherosclerosis. 

The use of present techniques for counting chylomicrons together with certain 
attempted modifications of these methods proved inadequate. 

Fasting subjects were given a test meal consisting primarily of 40% sweet 
cream, measured in relation to their weight, in the proportion of 1 gm. of fat to 
1 kg. of body weight. Chemical determinations were made for total lipids and lipid 
fractions on the fasting sera and for serum total lipids on specimens obtained 2, 
4, 6, 12, and 24 hours after the test meal. 

The mean value for fasting total lipids in the young group was 638 mg., while 
that of the older group was 809.1 mg. per 100 ml. 

After two hours the mean rise in total serum lipid for both groups was the same. 
The concentration of total lipids in the serum in the young group fell almost to the 
fasting level by the sixth hour, while at the four- and six-hour periods the older 
group still showed elevated postprandial lipid levels. After the fat-loading meal 
the older group continued to exhibit a higher serum total lipid content for the 
24-hour period. 

A group of six normal ambulatory subjects with a mean age of 50.3 years, in 
which the tests were continued for a six-hour period only, resembled the young 


group in its behavior, the alimentary lipemia having cleared by the fourth hour. 


No special pattern of rise or fall in lipemia after the fat meal was seen in either 
the young or old groups. However, the maximum rise in total lipids occurred later 
in the older group. The response to the ingestion of fat in the aged was character- 
ized chiefly by a prolonged elevation of serum total lipids lasting up to 24 hours. 

Whether the prolonged postprandial lipemia is indicative of a faulty lipid 
metabolism in the old and, if so, whether it represents a predisposing factor for 


atherosclerosis is unknown at present. 
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REVIEW OF NEUROPSYCHIATRY 


STANLEY COBB, M.D. 
BOSTON 


N' IVEMBER 1952 saw the rebirth of Epilepsia, the journal of the Interna 
tional League Against Epilepsy. This is Volume 1 of the third series. The 
first series, largely a European journal, died in World War I. The second ran from 
1937 to 1950 and was an annual abstract journal, which has now become less useful 
because of the excellent abstracting done by Excerpta Medica, in Amsterdam, and 
the Quarterly Review of Psychiatry and Neurology, in this country. The new third 
series will be devoted mainly to critical reviews on many aspects of the problems 
related to epilepsy. The object of the journal is the presentation of thoughtful and 
thought-provoking analyses of what is known about epilepsy. The first number 
contains several such papers ; there is a sound and well-argued scheme for the classi- 
fication of the epilepsies by McNaughton, of the Montreal Neurological Institute. 
The role of alcohol is discussed by Berry, of the United States Naval Hospital at 
Bethesda. A comprehensive article on the pharmacology of anticonvulsants by 
Toman and Taylor is most useful for reference. The anatomy and physiology are 
brought up to date by the publication of a Symposium on Seizure Mechanisms ; 
Yakolev gives a scholarly account of the anatomical substratum of seizures. Magoun 
describes his important work on activating mechanisms of the brain stem. Pope 
shows that behind the electrical activities of the brain that have so greatly interested 
investigators lately there is a biochemical process probably related to enzymal 
changes in neuronal metabolism. Tower indicates that the central problem of fits 
may lie in a “chemical lesion” involving the acetylcholine system, especially that 


part of it related to glutamic acid. 


FHE ACTIVATING MECHANISMS OF THE BRAIN STEM 


Closely connected with the problems of epilepsy are those of “consciousness,” 


coma, and sleep. In a series of important papers Magoun and his associates ' have 
thrown new light on this controversial subject. They have shown that there lies in 
the reticular formation of the pons, midbrain, subthalamus, hypothalamus, and even 
the lower median portion of the thalamus, an activating system, stimulation of which 
arouses a mammal from sleep. It also changes the electrocortical a¢tivity from the 
more synchronized sleep patterns to the lower-voltage, more rapid wave patterns of 
nce 
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wakeful activity. Experiments on cats and monkeys indicate that this activating 
system has a unified function, being responsive as a whole to all modalities of 
sensory stimulation. The system when stimulated exerts its effect largely on the 
cerebral cortex rather diffusely but with some concentration on the frontal areas. 

When small electrolytic lesions were accufately placed in the reticular formation 
of the brain stem, monkeys were thrown into a comatose state from which no ordi- 
nary stimuli could arouse them. The experiments indicate that this area of the 
brain stem has a special function related to the animal's response to sensory 
stimuli that is of importance in initiating and maintaining an alert and attentive 
state. French and Magoun ' close their paper on monkeys by saying “Should it 
ever become feasible to interpret certain physiological and pathological alterations 
in consciousness clincally in light of these observations on monkeys, it would appear 
that the central cephalic portion of the brain stem would be a most fruitful area to 
scrutinize.” 

French ' proceeds to do just this by studying lesions of the brain in man 
associated with prolonged unconsciousness. He cites three cases in which lesions in 
the central cephalic portion of the brain stem seem to be the probable cause of a 
prolonged state (four to nine months) in which the patients were “mentally and 
emotionally inert, giving no indication of any contact whatever with their surround- 
ings, to which they were unable to respond adaptively.” Two other patients with 
rather similar symptoms had lesions higher up, not in the reticular activating sys- 
tem of the brain stem. In one the lesion was in the subcortical radiation of this 
system; in the other there was widespread destruction of the cerebral cortex. Con- 
sequently, the reticular activating system seems to serve as a “complex relay sys- 
tem energizing in some way normal activity of more highly developed centers the 
integrated function of which is essential to the adaptive behavior of the working 
human being.” 

With this careful statement I can heartily agree, but I find it difficult to accept 


the point of view stated on a previous page that “information is accumulating 
rapidly which tends to demonstrate that conscious awareness 1s most easily dis- 
turbed by lesions in this area,” i. e., the brain stem. Had French said “most pro- 
foundly disturbed,” I might agree, but I believe with Jefferson * that the cerebral 
cortex is necessary for full consciousness. I also approve of Meyers’ * stand that the 


conception of Dandy and others that a “center for consciousness” exists in the basal 
ganglia and brain stem is a faulty conception. 

The trouble arises largely in the thinking, not in the observations, which are 
correct enough. Many clinicians think of “consciousness” as an all-or-none affair ; 
one is either “conscious” or “unconscious” ; one is either awake or in coma. A little 
careful observation will show that the facts are quite different. [Every man varies 
continually in his degree of consciousness (defined here as awareness of environ- 
ment and of self). The degree of consciousness is affected far more easily and 
incomparably more often by such things as interest, attention, fatigue, sleep, and 
alcohol than by lesions of the brain. When it comes to lesions, slight changes in 
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consciousness are very common from cortical lesions, but these changes must be 
looked for by psychological tests. For example, the Rorschach test shows a decrease 
In responsiveness in most cases of cerebral tumor, wherever the tumor may be 
located.* Also the Halstead battery of tests ° detects changes that are easily over 
looked by ordinary clinical examination. It is mostly the more refined and discrim 
native aspects of consciousness that are atfected by cortical lesions, not the gross 
phenomena which can be recognized by a glance and a yell at a patient in bed 

In short, there is no use in talking about “consciousness” unless terms are 
defined beforehand. The philosophical aspects of the discussion are too difficult for 
most of us; two good discussions by medical men are Miller's © and Schiller’s.” But 
since consciousness is a phenomenon of primary importance to medicine, a clinician 
must talk about it. In fact, a brief note on the consciousness of every patient should 
precede the history and physical examination in the record, to give the reader a basis 
for evaluating the data produced by the patient and recorded by the doctor. Never 
theless, as doctors, we can be practical about it and not go out of our field and tres 
pass on that of philosophy. I would summarize the neurology of consciousness as 
follows: 

Many neurosurgeons have observed that lesions in the anterior part of the dien 
cephalon cause coma; others have noted that pressure on the walls of the third ven 
tricle may cause sudden loss of consciousness. It seems probable that the coma, 
caused by disturbance of the anterior brain stem, is not to be explained by postu 
lating a “center of consciousness’ in that region but by the anatomical considera- 
tions that here is the “neck of the bottle,” where many structures important for the 
maintenance of the conscious state come together. Consciousness may be greatly 
reduced by lesions either in (a) the white tracts of the corpus striatum, (>) the 
thalamus or periventricular gray masses, or (¢) the activating reticular mechanism 
of the central cephalic part of the brain stem. 

Hess's * “sleep center” may be near the anterior end of the latter structure that 
extends from medulla to thalamus. It might be in the massa intermedia of the thal 
amus ; stimulations by Hess in this region seem to inhibit the activating mechanism 
of the brain stem. Ranson’s “wakefulness center” is doubtless a more ventral part 


of the anterior end of the reticular formation. Bremer” caused “sleep” by cutting 
off all afferent tracts. Clear evidence for consciousness in the thalamus itself, mid- 


brain, hindbrain, and spinal cord is lacking, but there is probably a good deal of 


feeling mediated by the thalamus and there may be a rudimentary sort of awareness 


in decerebrate and spinal preparations. Refined degrees of discriminative conscious- 
ness are mediated by the cerebral cortex." 
aa 

4. Harrower-Erickson, M. R.: Personality Changes Accompanying Cerebral Lesions: 
I. Rorschach Studies of Patients with Cerebral Tumors, Arch. Neurol. & Psychiat, 43:859, 
1940. 

5. Halstead, W. C.: Brain and Intelligence: A Quantitative Study of the Frontal Lobes, 
Chicago, University of Chicago Press, 1947. 

6. Miller, J. G.: Unconsciousness, New York, John Wiley & Sons, Inc., 1942. 

7. Schiller, F.: Consciousness Reconsidered, A. M. A. Arch. Neurol. & Psychiat. 67: 
199, 1952. 

8. Hess, W. R.: Das Zwischenhirn: Syndrome, Lokalisationen, Funktionen, Basel, Switz- 
erland, Benno Schwabe & Co., 1949. 

9. Bremer, F.: Le probléme physiologique du sommeil, Medicina (Parma) 5:589, 1951 

10. Cobb, S.; Consciousness and Cerebral Localization, Epilepsia (Third Series) 1:17, 1952. 





MV. A. ARCHIVES OF INTERNAL MEDICINE 


At present the following schematization of a mechanism for consciousness in 
mammals seems acceptable: stimuli from the environment travel by afferent tracts 
to the reticular formation in the central cephalic portion of the brain stem and to 
the subthalamus, hypothalamus, and thalamus. This reticular activating mechanism 
plays on the thalamus and cortex to keep them active. There are relays from 
thalamus to cortex and many corticothalamic and thalamocortical paths, forming 
reverberating circuits, which maintain a state of consciousness that is variable from 
nunute to minute. This schematization seems to fit the available neurological facts. 
Injuries to the activating mechanism in the brain stem can cause various degrees of 
decrease of consciousness, Stimulation of the massa intermedia of the thalamus can 
inhibit the activating mechanism and cause sleep. Lesions in the striatum could 
interrupt paths between cortex, thalamus, and reticular formation. [extensive 
destruction of cortex could reduce attentive and discriminative awareness. 

Consciousness is a part of mind, one of its components. Like mind, it is not 
localizable, because it is a process, with a sequence in time, and involves the rela 
tionship of one area of nervous tissue to another. It is a function of an integrated 


nervous system in action,’® 


TREATMENT OF MULTIPLE SCLEROSIS 

Despite the many false hopes that have been raised in the past by passing fads 
in the treatment of multiple sclerosis, it seems worth while to report that a logical 
method for the treatment of the acute symptoms has been propounded, based on a 
reasonable etiological explanation of these acute phenomena. Several years ago 
Brickner and Franklin reported that vasoconstriction could be seen in the retinal 
arteries of patients with multiple sclerosis and that the relaxation of this spasm by 
vasodilator drugs was accompanied by recession of the visual scotomata. They sug- 
gested that vasoconstriction with ischemia of nerve tissue might be the immediate 
cause of acute symptoms and proposed the use of vasodilator drugs in the treatment 
of multiple sclerosis. Recently Brickner '' has reviewed his experience with this 
method. He admits the difficulty of deducing proof of its efficacy because of the 
spontaneous remissions that frequently occur and because of the variability of symp- 
toms. Nevertheless, his evidence is impressive that vasodilators given quickly after 
the onset of new neurological symptoms often bring marked relief. In order to get 
lasting effects the vasodilator must be given again and again before the effect wears 
off. Patients can be trained in self-administration. The acute symptoms are treated 
within minutes of their appearance, whether they are new or are exacerbations on a 
chronic background, Vasodilation may not affect the basic etiological factors of the 
disease, but it is apparently effective in mechanically relieving the anemia, which 


may be causing symptoms and lesions. Brickner believes that symptoms have been 


relieved predictably and repeatedly. A variety of vasodilating agents have been used : 
histamine, amyl nitrite, papaverine, nicotinic acid, benzazoline, tetraethylammonium 
chloride, and carbon dioxide. Inhalation of carbon dioxide (5% ) in oxygen (95% ) 
probably is the most effective, pleasantest, and safest method.'* 
ae 

11. Brickner, R. M.: Management of Acute Episodes in Multiple Sclerosfs: A Preliminary 
Report, A. M. A. Arch. Neurol & Psychiat. 68:180, 1952 

12. Cobb, S.: Gefasserweiternde Therapie cerebraler Gefasserkrankung, Monatsschr. Psy- 
chiat. u. Neurol. 117:213, 1949 








COBB—REVIEW OF NEUROPSYCHIATRY 


Tetraethylammonium chloride has been used by Williams, Karnosh, and 
Tucker '* in a series of 222 cases over a period of about four years. Of the 79 
patients with acute conditions, 36 were definitely improved, whereas of the 143 
patients with chronic conditions, only 32 seemed objectively improved. Brickner’s 
results with chronic multiple sclerosis have been equally unsatistactory. 

Swank’s '* theory that patients with multiple sclerosis have a basic defect in 
the suspension stability of their blood which is upset by the hyperlipemia following 
heavy fat meals may be an approach to the more basic pathology of the disease. He 
has tried treating patients by putting them on a strict low-fat diet. In three and a 
half years 47 patients have been treated in this way and a large number of them 
seem to be improved. Like all evaluations of treatment in this disease, the results 
must be considered with scepticism until more data are at hand. But these two 


methods, vasodilator and dietary, seem to be hopeful and relatively harmless 


DIFFERENT VIEWS ON THE ETIOLOGY OF SCHIZOPHRENIA 


Recent statistics '* show that approximately 30,000 patients with schizophrenia 
are admitted each year to the mental hospitals of the United States. Because of the 
chronic course of this disease, the patients accumulate and occupy about half of the 
beds. Since mental hospitals contain 55% of all hospital beds in the country, this 
one disease, schizophrenia, fills more than one quarter of all the hospital beds in the 
United States. The economic burden is tremendous. In spite of enormous clinical 
experience, little is known about the etiology of the disease; in fact, psychiatrists 
have quite opposing views. Let us briefiy describe some of the standpoints from 
which the etiology is viewed. 

(a) Genetic—Many geneticists consider schizophrenia to be an inherited dis- 
ease. Kallmann'® states that 
As far as a specific predisposition to schizophrenia is concerned, that is, the inherited capacity 
for responding to certain stimuli with a schizophrenic type of reaction, the findings of the 
present study are conclusively in favor of the genetic theory. Our conclusion is that this pre 
disposition depends on the presence of a specific genetic factor which is believed by us to be 
recessive and autosomal. 

The data on which this conclusion is based are voluminous and convincing. The inci 


dence of schizophrenia tends to be higher in blood relatives of schizophrenic index 


patients than in the general population. In the offspring of schizophrenic index 


patients the occurrence of the disease is at least 19 times the rate expected in non 
schizophrenic families, and in some families it is 80 times the expectancy. The most 
convincing evidence, however, comes from the study of twins. Slater '' reports 41] 
ee 
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pairs of monozygotic twins, in 13 of which only one was schizophrenic, but in 28 
cases both were schizophrenic, a concordance of 76%. In dizygotic twins only 14% 
showed concordance. Kallmann records 517 dizygotic and 174 monozygotic 
co-twins. Among siblings of schizophrenic patients the incidence ot schizophrenia 
is 10.2% ; among the dizygotic twins, if one is schizophrenic the other is also in 
10.3%, but among the monozygotic twins the percentage is 69.0. This comes remark- 
ably close to Slater’s figures. Kallmann wisely points out that there are social, per- 
sonal, and medical factors which play an important role in determining whether or 
not the inherited tendency is brought out in any given patient. 

(hb) Metabolic.—Fndocrine dysfunction has been advocated by many investiga- 


tors as the cause of the schizophrenic reaction. In this review last year '* there was 
a discussion of “hormones and mental symptoms” which summarized the observa- 
tions on psychotic reactions apparently produced by corticotropin (ACTH) and 
cortisone and discussed the mental symptoms that commonly appear in endocrine 
disorders. There can be little dcubt of the relationship of abnormalities of the pitui 
tary and adrenocortical secretions to schizophrenic syndromes, but the mechanism 
is not clear. During the past year adrenalectomies '* have been performed on schizo- 
phrenic patients. After operation they were given cortisone and the metabolites in 
the urine were carefully determined. By this approach and a careful observation of 
symptoms one may be able to determine when abnormal metabolites occur and 
whether or not their appearance in the urine can be correlated with mental changes 

(¢) Pharmacological —Vharmacologists have long been interested in the fact that 
mescaline and other drugs could change visual perception and alter mental reac- 
tions.*" 

Now Osmond and Smythies *! point out that mescaline is a simple compound 
resembling epinephrine (Adrenalin) and arterenol (Nor-adrenalin). They suggest 
that in schizophrenia a failure of metabolism might occur that causes the formation 


of a mescaline-like compound. Hoch and his associates ** gave mescaline to normal 


subjects and schizophrenic patients ; both showed visual hallucinations, distortion of 


the body image, and alteration of time sense, as well as paranoid and catatonic mani- 
festations. 

Several experimenters have observed the effects of lysergic acid on patients and 
controls.** Lysergic acid (d-lysergic acid diethylamide tartrate) belongs to the 
group of ergonovine substances. In the experiments performed by Solomon’s group 
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it was given by mouth to 15 normal adults in doses approximating 1 gamma _ per 
kilogram of body weight. The most prominent changes were in thinking and speech: 
the subjects became slowed down; then there was poverty of thought and the flow 
of speech became increasingly diminished and blocked, with marked hesitancy and 
indecision. The subjects reported feelings of indifference and unreality, with dis 
turbance of the body image. More transient symptoms were suspiciousness and 
resentment. Disturbances of visual perception occurred in all subjects, usually as 
yellow rippling or geometrical patterns and flashes of light. Occasionally visual mis 
interpretations were made. Other experimenters using larger doses have reported 
vivid hallucinations. Basic intelligence was not reduced. These changes are of the 
schizophrenic type, and Rorschach tests corroborated the schizoid reaction. Hoch 
and his associates ** found that lysergic acid gave somewhat similar results. Per 
ceptual changes predominated, especially visual hallucinations; hyperacusis was 
common, but auditory hallucinations were rare. There was a tendency to mild 
euphoria. The symptoms of the schizophrenic patients were exaggerated. The 
authors conclude that mescaline and lysergic acid disorganize psychic integration 
(d) Nosological—The idea that manic-depressive and schizophrenic reactions 
are closely related and cannot be arbitrarily separated is not new. Gruenberg '”” 
pointed out that diagnoses made at different hospitals in Massachusetts for the same 
patients indicate that the variation in diagnosis is so great as to make questionable 
the significance of classifying patients as either manic-depressive or schizophrenic 
Mulvany,** from observations in the antipodes, concludes that psychotic reactions 
corresponding to the classic types are not so common as those with mixed features 
and that the manic-depressive and schizophrenic groups do not represent mutually 
exclusive categories but seem to form a continuum. One might elaborate on Mul 
vaney’s idea by considering the manic-depressive and schizophrenic reactions to 
include four main syndromes: (1) “manic-depressive psychosis” (“eyclothymia,” 
“affective psychosis”); (2) “involutional melancholia”; (3) “schizophrenia” 
(“dementia praecox”’), and (4) “paranoia.” If one then takes the point of view 
that the four diagnoses are subdivisions of one large group of related mental disor 
ders, the variations become understandable. If all cases could be plotted on a curve 
with “pure” manic-depressive psychosis at the left and “pure” dementia praecox at 
the right, there would be few cases at the extremes and many in the middle. There 
are more cases in which there is a mixture of manic-depressive and schizophrenic 
symptoms than there are “pure’’ cases of either. One explanation could be that the 
psychiatrists are not separating different biological phenomena but are in fact trying 
to pick points on a curve that represent variable phenomena in one generic type of 


abnormal human reaction. If the disorder is mostly in mood, the course tends to be 


yelf-limited or cyclic and the cases go to the left end of the curve, near the rare 


“pure” mood disorders ; if the disorder is mostly in content of thought, it tends to 
be less cyclic and more likely to lead to progressive deterioration. This puts the case 
toward the right. At the extreme right one might put cases of paranoia, which 
could be considered as “pure” thought disorders. Most cases fall between, but the 
curve is skewed, because there are more than twice as many admissions to mental 
hospitals for schizophrenia as there are for manic-depressive reactions. 


RR 
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Some geneticists believe that families with a strong manic-depressive inheritance 
tend to produce schizophrenic offspring.*’ Kallmann refutes this. Stenstedt,?* in 
a carefully controlled study of 288 cases of “pure” manic-depressive psychosis, con- 
cludes that this disease follows a dominant type of inheritance. He does not find 
any evidence that schizophrenia occurs more commonly in the relatives of manic- 
depressive patients than in the general population, but he carefully excludes from 
his study all patients who showed any schizophrenic symptoms. It is exactly these 
mixed cases that need study, genetically and clinically, for many cases are known 
of patients who begin with “typical” manic or depressive psychosis and after several 
years show “typical” deteriorated schizophrenia. 

(e) Psychological.—Vsychological explanations of schizophrenia are largely from 
two sources, the psychoanalysts and the child psychiatrists. The latter have made 
many direct observations on the behavior of children under stress, especially the 
stress of separation from their mothers. Some of this work was reviewed in 1948.*7 
Recently Bowlby ** has written a remarkable report for the World Health Organiza- 
tion as a contribution to the United Nations program for the welfare of homeless 
children, It is entitled “Maternal Care and Mental Health.” The main thesis is 
that “the young child should experience a warm intimate and continuous relation- 
ship with his mother (or permanent mother-substitute) in which both find satistfac- 
tion and enjoyment.” If the child is deprived of this, there is good evidence that 
a syndrome may develop consisting of anxiety, withdrawal, and regression to 
more infantile behavior. The child may sit in a dazed stupor. Insomia and anorexia 
lead to loss of weight and sometimes to intercurrent infection and death. If the child 
survives his first period of regression and makes enough adjustment to go ahead 
with some semblance of socialization, he is likely to make only superficial relation- 
ships with neither feeling nor appropriate emotional response; he is exasperating, 
inaccessible, evasive, and ‘‘absent-minded.” Some of these children are said to have 
“juvenile schizophrenia”; others are delinquents and “psychopaths.” The evidence 
that they grow up to become schizophrenic is not yet available; not enough of them 
have been followed through to maturity. The clinical studies have been various and 
separate, but (to quote Bowlby) “What each individual piece of work lacks in 
thoroughness, scientific reliability, or precision is largely made good by the con- 
cordance of the whole.” 

Many psychoanalytically trained psychiatrists look on schizophrenia as a psycho- 
genic disorder, a form of neurosis going back to maladjustments in the pregenital 
stages of psychosexual development, i. e., to before the age of 18 months. From 
observations of adult and adolescent schizophrenic patients these psychoanalysts have 
formulated dynamic concepts of how psychic conflicts produced the distorted mental 


Myerson, A.: Inheritance of Mental Diseases, Baltimore, Williams & Wilkins Company, 


25 
1925. 


26. Stenstedt, A.: A Study in Manic-Depressive Psychosis: Clinical, Social and Genetic 
Investigations, Acta psychiat. et neurol. scandinav., Supp. 79, p. 1, 1952. 

27. Cobb, S.: Review of Neuropsychiatry for 1947, Arch. Int. Med. 81:381, 1948. 

28. Bowlby, J.: Maternal Care and Mental Health, A Report Prepared on Behalf of the 
World Health Organization as a Contribution to the United Nations Program for the Welfare 
of Homeless Children, World Health Organization Monograph Series, No. 2, New York, 


Columbia University Press, 1952. 





COBB—REVIEW OF NEUROPSYCHIATRY 281 


processes of the schizophrenic patient. For example, Fairbairn’s *’ theory runs 
something like this: Normal persons strive to make good relationships. The 
deprived and love-hungry schizophrenic dreads making a real personal relationship, 
and if he makes such a relationship he can only sustain it on the basis of an infantile 
dependence that is too all-absorbing of the other person. He thus feels his love as 
destructive and is afraid to exhibit it. This leads to skittish, unpredictable behavior 
and eventually to true schizophrenic withdrawal into a world of fantasies 

Such a formulation would seem to explain psychologically the extraordinary 
sensitiveness of many schizophrenic patients. Although apparently out of contact, 
they may muss not the slightest detail of their physician’s words or behavior. Some 
that appear to be “deteriorated” have the most surprisingly long memories. Some 
come out of long stupors and appear to be perfectly intact, with a very clear story 
of everything that went on around them while they were unresponsive and preoccu 
pied. Many of them certainly have no “dementia” in the sense of loss of cerebral 
mechanism, It seems much more as if they had been inhibited by emotional blocks 
and preoccupations, From the psychological point of view this is a fairly definite 
picture that makes plausible the psychogenic theory of schizophrenia. But it does not 


prove that it is even the principal “cause” of the disorder. Moreover, psychological 


dynamic theories do not explain why one person when hurt, deprived, and frustrated 


breaks down and another does not. Perhaps Malamud*’ gives a good cue to 
understanding this problem. In speaking of the early reactions he says 

The development of such disturbances in early childhood can be conceived as taking place 
on the basis of two factors: (1) a certain constitutional weakness which some children may 
have brought with them into the world and which makes them particularly vulnerable in thet 
adjustment to life stresses; and (2) environmental stress situations that are apt to be especially 


damaging in cases of such vulnerable constitution 
\n important series of papers on childhood schizophrenia in The Nervous 

Child, Volume 10, No. 1, 1952, shows the divergence of opinion and the different 
approaches to the problem. They vary from those who think of the disorder as 
neurological, in fact a diffuse encephalopathy, to the proponents of the psychogenic 
theory. The latter believe it is caused by emotional factors in the child’s early 
experiences, particularly by “rejecting mothers,” who are cold, intellectual, and 
mechanical. Hendrickson “! makes a reasonable compromise by postulating that 
there is an underlying hereditary defect which may be brought out by the disturbing 
attitudes of the mother and perpetuated by unsatisfactory intrapersonal relationships 
One can argue with Anderson *? that the cerebral disease of the child makes his 
behavior such that the mother finds it extremely difficult to meet his demands and 
a 
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therefore rejects him. The majority of psychiatrists in this field seem to favor the 
psychogenic theory and argue that the apparent “hereditary factors” may be 
“familial” only because of behavior disturances in the family that severely affect the 
child’s environment ‘This could conceivably explain much of the familial incidence 
of the disease, but it does not explain Kallmann’s definitive data on monozygotic as 
compared to dizygotic twins. 

For those who postulate a hereditary basis for schizophrenia, it is important 
to consider not only neurological abnormalities but also endocrine changes. There 
is good evidence that disorders of the hypothalamus, pituitary body, and adrenal 
cortex ** are important in schizophrenia. [:ndocrinopathies are notably inheritable. 

It must also be emphasized that the diagnosis of “schizophrenia” in adults 1s 
inexact and that the disagreement in diagnosis from one hospital to another on the 
same patient is very great." In “childhood schizophrenia” the diagnosis is even 
more difficult. The patient helps little by telling his story; he is in a period of rapid 
development, in which norms are not easy to ascertain; the diagnostician has to rely 
on history from the parents and observation of the child. Behavior at the time of 
any examination does not differentiate clearly between amentia, encephalopathy, 
anaclitic depression, psychogenic regression, and schizophrenic withdrawal. At the 
present time our diagnostic tools simply are not sharp enough. It takes months or 
years of observations to come to a sound conclusion. There is a good deal of practical 
sense in the technique of calling the children by the neutral name of “atypical 
children’™* to start with and then, by prolonged observation and treatment, decid- 
ing what can be done. As Buhler “* expresses it 

In view of the diagnostic problems in childhood schizophrenia and the unpredictability of 
a young individual's development toward health or toward complete disintegration, early 
systematic psychotherapy is helpful to bring the potentialities of a case into focus, to clarify 
the picture, and to assist recovery where possible. 

This is a much more constructive attitude than that of the anxious diagnostician 
who so much fears recommending psychotherapy for a “hopeless” case that he 
dogmatically damns too many of these children with the label of “feeble-minded” or 
“encephalopath.” Until we have better diagnostic methods, we had better admit 


that we often cannot make a diagnosis and must await developments. 


SUMMARY AND CONCLUSIONS 
This brief review gives some idea of the divergence of opinion concerning the 
etiology of schizophrenia, as expressed in publications of the last two years. It seems 
to me that certain steps are immediately necessary if we are to make significant 
progress in the investigation of this disease. 


1. There must be more tolerance towards the point of view of other investiga- 


tors by members of each “school” of psychiatry. This means not only passive 


acceptance but reading and understanding of the other man’s work. At present the 
——_ 
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ignorance of one group of psychiatrists of the research and writings of other groups 
is astonishing and depressing 

2. A clear understanding of “multiple etiology” must be developed. In behay 
ioral disorders, there is no one “cause”; it is a matter of the effect-of certain environ 
mental stimuli upon en organism with a certain genetic, developmental, physiologi 
cal and pathological constitution 

3. The criteria for making the diagnosis must be made more exact. \t present 
the term schizophrenia is used so loosely that one should define his criteria in every 
paper he writes. Good psychological descriptions, dynamic and by special tests, are 
needed. 

+. The group of children with severe mental reactions (variously called schizo 
phrenia, amentia, dementia, atypical, depression, regression, autistic, pseudore 
tarded, and psychotic) especially need more study, with more modesty in diagnosis, 
long follow-up, and more autopsies 

5. The relationship between schizophrenia and manic-depressive disorder needs 
clarification. The common mixed cases should be studied as such and followed 
for years, not merely labeled “schizoatfective.”\ careful endocrine evaluation 


by the newer techniques might bring out important data. Especially needed are 


epidemiological studies of this whole group of disorders to find out the incidence 


of the various forms in different populations. Gienetic investigation should be 
expanded. 

6. If “schizoid personalities” are common in the “normal” population, criteria 
for recognizing them should be set up; a survey should be made, and the relation 
of these persons to the sick schizophrenics should he determined. 

7. The observations, now impressive in number, that corticotropin (ACTH) 
and cortisone may precipitate schizophrenic and manic-depressive episodes in 
patients without previous psychosis should be followed through. Carefully con 
trolled clinical experiments with all the pertinent armamentorium of the chemical 
and psychological laboratories should be pressed. Here indeed is a hot scent 





Case Reports 


EXCHANGE TRANSFUSION IN HEMOLYTIC ANEMIA COMPLICATING 
DISSEMINATED LUPUS ERYTHEMATOSUS 


Report of Case of Acquired Hemolytic Disease Associated with Rare Blood 
Group Antibodies Following Whole Blood Transfusions 


WILLIAM J. KUHNS, M.D. 
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AND 
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SALT LAKE CITY 


Hie PRESENT case was deemed worthy of report for three reasons: (1) 
the occurrence of acquired hemolytic anemia subsequent to transfusion incom 
patibility in a patient with acute disseminated lupus erythematosus; (2) the 
occurrence and demonstration of blood group antibodies, anti-C, anti-A,, and a 
third incompletely identified atypical hemagglutinin, subsequent to multiple whole 
blood transfusions; (3) the use of exchange transfusion as a therapeutic agent 


during the most acute phase of intravascular hemolysis. 


REPORT OF CASI 


The patient, a 15-year-old white girl, was admitted to the hospital for the first time on Juls 
9, 1949, with complaints of generalized weakness and fatigability and of migratory joint swell- 
ings. Her first difficulties began seven months prior to admission with a brief episode of low 
grade fever and widespread joint pains which subsided until six weeks before admission, when 
fever and alternate warm painful swellings of the finger, elbow, and knee points again developed. 
This was followed shortly thereafter by persistent weakness, occasional headaches, and slight 
weight loss, together with some loss of appetite. In addition, the patient and her parents had 
both noticed some increased cloudiness of the urine le was seen by another physician, who 
detected the presence of a severe anemia. Her therapy up to the time of admission included iron 
and salicylates by mouth. There had been no history of a recent infectious process. Physical 
examination revealed a rather thin pale girl with a temperature of 99 F., pulse rate 100, and blood 
pressure 112/80. The only other positive finding at the time was a moderately loud apical systolic 
murmur transmitted up the left sternal border. The results of laboratory examinations were as 
follows: Urine was cloudy, with specific gravity of 1.013, albumin 14, no white blood cells, 
very numerous red cells, and oceasional granular and hyaline casts. Blood examination showed 
hemoglobin 9.4 gm. and white blood cell count 4,650, with a differential cell count of 74% poly 
morphonuclear leucocytes, 25% lymphocytes, and 1% monocytes. Total serum proteins were 
25 gm. Blood urea nitrogen was 


6.75 gm. per 100 ce., of which albumin was 3.5 and globulin 


k 
40.5 mg. per 100 ec. and phenolsulfonphthalein excretion was 25% at the end of one hour. Urine 
culture demonstrated no pathogens. A first strength tuberculin test (purified protein derivative) 


was negative. The blood type was ARh+. Between July 9, 1949, and July 23, 1949, the patient’s 


course remained essentially unchanged and she received no specific treatment except for the 
correction of her anemia with five transfusions of whole ARh+ blood, which were compatible 
by the usual cross matching techniques. However, the presence of “rouleaux” in one cross 
matched blood was reported (Table 1). Her only reaction was in the form of headache, increased 
weakness, and listlessness following the fifth transfusion. She was discharged apparently improved 
on July 23, 1949, with a hemoglobin of 13.5 gm 
satanic 
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Her second admission was on July 29, 1949, with the chief complaints of increasing pallor and 
weakness, dark-colored urine, and jaundice of three days’ duration. On the day prior to admission 
the jaundice had become much more severe and was accompanied by dyspnea. Physical findings 
besides those of the first admission were a temperature of 104 F., pulse rate 110, bkood pressure 
120/80, marked pallor and’ icterus, apathy, moderate dyspnea, and orthopnea. The spleen was 
palpable one fingerbreadth below the left costal margin. The admission urime was of a cloudy 
brown color, with a specific gravity of 1.011, albumin 1+, no white blood cells, very numerous 
red blood cells, and two granular casts per low-power field. A qualitative test tor urine uro 
bilinogen was strongly positive. The hemoglobin was 5.5 gm., red blood cell count 1,600,000, and 
white blood cell count 5,500, with a differential count of 62% polymorphonuclear leucocytes and 
38% lymphocytes. The icterus index was 82, and the blood urea nitrogen was 75 mg. per 100 c¢ 

During the period from July 30, 1949, to Aug. 5, 1949, the patient received five transtusions 


of whole blood (ARh+), which were said to have been compatible by the usual techniques save 


for some major side “rouleaux” which dispersed on slight heating. The patient responded poorly 


to transfusions, although she had no clinical reaction save for some chills and a low-grade fever 
following administration of the last blood. It was noted, however, that the jaundice became 
more severe and the urine appeared darker, and centrifuged supernatant specimens were found 
to contain small amounts of hemoglobin. On Aug. 5, 1949, blood studies showed a hemoglobin of 
3.0 gm., volume of packed red cells 8 ml. per 100 ml., and reticulocytes 10%. Samples of oxalated 
blood withdrawn at this time showed visible agglutination of the red cells. The patient's red cells 
were again typed, with some difficulty because of autohemagglutination, and were found to be 
As ccDE, MN. Serological studies (Tables 1 through 6) utilizing saline and “blocking” antibody 
techniques demonstrated antibodies of anti-C and anti-A, specificites and a third atypical hemag 
glutinin of undetermined specificity (Tables 1, 5, and 6). In addition, the patient's 10-times 
washed red cells demonstrated marked autohemagglutination at 37. C. in all suspension media 
used, including isotonic sodium chloride solution. The titer of “blocking” antibodies against both 
ORh+ and ORh— red cells was high (Table 4), although comparable titers using saline 
suspended cells were negative 

Because of the severity of the anemia and the greatly increased rate of hemolysis and con 
siderable evidence of impaired renal function it was felt that the procedure of exchange trans 
fusion might be well adapted as a therapeutic agent. However, because of the complicated 
serological picture and the necessity of utilizing “blocking” antibody techniques in performing 
cross matchings the task of selection of appropriate blood donors proved difficult. Thus, of 135 
suspensions (in normal pooled O serum) of Groups O and A red cells which were cross matched 
against the patient’s serum, only 10 of group O showed no evidence of agglutination (Table 2). 
These bloods constituted the available resources for the exchange transfusion. This was 
accomplished over a period of eight hours, utilizing first a saphenous vein and radial artery as 
intake and outflow and later a cubital vein on each arm. The total amount of blood transfused 
was 5,000 ml., and the total blood removed was 4,600 ml. (Table 3). The efficacy of the exchange 
was indicated by the change in the patient’s blood group from A to O. Immediate results of the 
procedure were a striking improvement in color, increase in the volume of packed red cells from 
8 to 41 ml. per 100 ml., considerable decrease in titers against ORh+ and ORh— red cells, 
decrease in the degree of autohemagglutination, and disappearance of hemoglobinuria. Urinary 
output, which had been somewhat reduced, increased considerably over preexchange levels 

The patient’s course in the two weeks following the exchange transfusion was one of sub 
jective and clinical improvement. However, the spleen remained palpable and hemolysis con 
tinued, although to a lesser extent than before. Icterus indices, urine urobilinogens, and serum 
bilirubin values remained briefly elevated and then dropped slowly, although never to normal 
levels, over a period of weeks. Reticulocyte levels fluctuated between 3 and 9%. Because of the 
persistence of intravascular hemolysis, transfusion therapy was occasionally necessary. Marked 
autohemagglutination of the red cells again returned and persisted, although the isoagglutinin 
titers diminished after an initial postexchange increase (Table 4). The task of finding donor 
bloods which were compatible, using the test with serum or albumin suspended cells, was at all 
times extremely difficult, and it was necessary to use numerous bloods which yielded positive 


reactions against the patient’s serum when tested by this method. 
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\part from transfusion therapy, treatment was chiefly symptomatic for low-grade fever and 
occasional joint pains. Subsequent white blood cell counts remained generally low and ranged 
from 3,000 to 8,000, Serological tests for “lupus erythematosus cells” using Hargraves’ method ! 
were negative. Urinalyses showed continued low specific gravities ; urine values for albumin and 
formed elements were as before, and blood urea nitrogen values ranged from 48 to 58 mg. 
per 100 cc. Urine culture yielded no pathogens 

On Aug. 20, 1949, the patient was discharged and followed as an outpatient and received 
whole blood transfusions as needed. On Aug. 25, 1949, and Sept. 3, 1949, she was admitted for 
one day and on both occasions received 1,500 ml. of blood. Volume of packed red cells on these 
occasions was 19 and 24 ml. per 100 ml., respectively. On both admissions the patient complained 
of migratory joint pains, with fusiform swellings of some of the metacarpal and phalangeal joints, 
accompanied by pain and limitation of motion 

She reentered the hospital on Sept. 10, 1949, for the fifth time, with the above complaints and 
a two-day history of sharp right-sided midchest pain which radiated to the neck and head and 
felt worse on deep inspiration. There had been no associated cough, hemoptysis, sputum, or 
dyspnea. Physical examination showed no essentially new findings. X-ray of the chest showed no 
abnormalities, and the electrocardiographic findings were interpreted as showing right axis 
deviation and sinus tachycardia. Urine was straw colored and clear, with a specific gravity of 
1.013, albumin 14, white blood cells 4 per high-power field, red blood cells 30 to 40 per high- 
power field, and occasional granular casts 

Blood studies demonstrated a hemoglobin of 8 gm., volume of packed red cells 20 ml. per 100 
ml, and white blood cell count 4,600, with a differential count of 59% polymorphonuclear 
leucocytes, 25% immature forms, 13% lymphocytes, and 3% monocytes. Blood urea nitrogen was 
62 mg. per 100 ce. 

The patient’s subsequent course was a gradual downhill one. Despite three additional whole 
blood transfusions (compatible in the saline cross-match but yielding moderately strong reactions 
in the test with albumin-suspended cells) the volume of packed red cells increased only temporarily 
and then again decreased. Reticulocytosis was present but was never marked. Autoagglutination 
of the red cells remained marked although serum antibody titers were low (Table 4). Clinically, 
the chest pain persisted, although to a lesser degree; there were no concomitant positive lung 
signs. 

On Sept. 25, petechiae developed over all extremities and the tourniquet test was markedly 
positive. Two days later the patient complained of blurring of vision. Funduscopic examination 
revealed bilateral retinal edema and numerous large and small fresh hemorrhages. Petechiae 
subsequently became more numerous over the skin. Upon examination of the chest a pericardial 
triction rub was heard to the left of the sternum in the third and fourth interspaces. The 
liver was palpated one fingerbreadth below the right costal margin, and the spleen was palpable 
two fingerbreadths below the left costal margin. These findings persisted, together with a low 
grade fever, until the time of death, on Oct. 6, 1949 

Autopsy (performed by Dr. J. H. Carlquist).—Examination of the heart showed a generalized 
fibrinous pericarditis. Small hemorrhagic areas were found extending along the interventricular 
septum and involving the upper portion of the posterior left ventricular wall. The mitral valve 
had a number of discrete shiny raised areas along the surfaces of contact. Microscopic sections 
showed considerable fibroblastic activity and lymphocytic exudation, which extended from the 
pericardium a short distance into the myocardium. The myocardium showed some areas of 
necrosis, edema, and neutrophilic exudation. The heart valves demonstrated fibrinoid changes and 
marginal inflammatory reaction 

Both liver and spleen were enlarged. The weight of the spleen was 350 gm. An ectopic spleen 
was present. Microscopically, many areas in the spleen showed marked congestion, Macrophages 


which lined the sinusoids showed considerable evidence of pigment phagocytosis and erythro 


phagocytosis. The splenic vessels demonstrated periarterial fibrosis 


A 
1. Hargraves, M. M.: Production in Vitro of the L. E. Cell Phenomenon: Use of Normal 


Bone Marrow Elements and Blood Plasma from Patients with Acute Disseminated Lupus 


Erythematosus, Proc. Staff Meet., Mayo Clin, 24:234, 1949 
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The kidneys grossly showed a few area of capsular adhesions. The surfaces were mahogany, 


colored with scattered petechial hemorrhages. The medullary portions were fairly well defined, 


and some hemorrhages extended along the pyramids. 


On microscopic section, fibrinoid degenerative changes were noticed in the capillary loops 
within the glomeruli. The tubules contained precipitatea bile, and the tubular epithelium showed 


brownish discoloration. The tubular epithelium also showed evidence of autolysis 
The anatomical diagnosis was acute disseminated lupus erythematosus 
Serological Studies.—The results of studies of the patient’s serum are summarized in Tables 


1 through 6. 


Paste 1.—<Agglutinative Pattern of Patient's Serum* Against Red Blood Cells of Persons 
Who Were Intial Blood Donors 


Agglutinative Reaction 


Trans Saline Albumin 
fusion Date Blood Group of Suspended = Suspended Clinical 
No Given Donor RO RBC Reaction 
7/ 9/49 A» CeDee (Rhirh) 4+ 
7/11/49 A, CeDee (Rhirh) 2-3+ 4+ 
7/11 Ai CeDee (Rhirh) 4+ 
A ceddee (rh rh) Specimen not obtained 


7/18 Ai eeDE (Rhee) ¢ 44 + (major side rouleaux on 
cross mateh) 


Ai CCDee (Rhi Rhy - + © (slight major side rouleaux) 


Az CeDee (Rhirh) 0 
Ai ecDee (Rho) + 0 (slight major side rouleaux) 


Speeimens not obtained + (rouleaux on eross mateh) 


Specimens not obtained (rouleaux on eross mateh) 


* Serum specimen of Aug. 5, 194 (before the exchange transfusion) 


Taste 2.—Agglutinative Pattern of Serum-Suspended Red Blood Cells from 135 Group A and 
O Donors Against Patient’s Serum: Actual Method Used for Selection of 
Bloods for Exchanae Transfuston* 


Agelutinative 
Reactions Compatible 
in Serum Blood 
Specimens, Suspended Specimens, 
Blood Type No RBC, No No 
ARh4 
ARh 
ORh4 
ORh 


* Subsequent tests using albumin-suspended cells showed that the patient's serum reacted against all red 
cell specimens 


Table 1 lists the blood groups of 8 out of 10 of the original donors and the agglutinative 
pattern of the patient’s preexchange serum against a panel of seven cell specimens. Although 
her serum agglutinated all of the cell specimens in a 30% bovine albumin diluent, only four of 
the saline-suspended specimens were agglutinated. All four donors belonged to Blood Group 
A,. Further evidence for the existence of anti-A, antibody was provided by the fact that. the 
patient’s serum behaved similarly to absorbed B serum when tested against an additional panel 
of Type A cell specimens in saline diluent. This indicated either passive infusion of anti-A 
antibody from Az donors, or, more likely, active immunization of the A» recipient as the result 
of multiple transfusions of A, blood. An increase in anti-A, antibody (Table 4), followed by a 
decrease, in the course of serial titers, suggested the latter possibility. 

Table 2 illustrates the agglutinative pattern of the patient’s preexchange serum against the 
serum-suspended red cells of 135 Group A and O donors. Groups ARh+, ARh and ORh 


bloods were all agglutinated in serum diluent. Ten of 79 ORh+ bloods showed no agglutination 
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in a serum diluent, and these bloods were utilized in the exchange transfusion. That even they 


were not entirely compatible was shown by the fact that subsequent testing of the patient's serum 


against the cell specimens in a 39% albumin diluent produced moderate}: positive agglutination 


in all samples 
Subsequent bloods used for transfusion were similarly tested. The incidence of agglutination 


was found to be similar to that found in the original panel, namely, 100% positive results in 


Parte 3.—Clinical and Serological Effects of Exchange Transfusion 


Agglut 

Volume of Vol. of Against 
Blood Packed ORh- 
Exchange, Ce. Red Cells Hemo Hemoly and 
MI Blood — globin sis in Auto OR 


General : 
Group uria Serum agglut RB¢ 
I K 


Time Pulse B.P \ppearance In lwo MI 
Iintmediately 132 90 60 Listless, very 0 + 4+ $+ 4+ 
preexchange pale and 
ieteric 
Midway through = 108 Restless, color 000 
exchange improved 

slightly 
Color consider » 0000 1.600 


linmediately 
ably improved 


postexchange 


Pau“ 4.—Pre- and Post-k:xchange-Transfusion Titers (Units) of Patient's Serum Against 


Pooled ORh4+- and ORh— Red Blood Cells and A, Red Blood Cells 


Time Titer Against Titer Against Saline 
Relative to ORh+ RBC ORh- RBC Titer 
Exchange Against Auto 
Date ‘Transfusion Saline Albumin Saline Albumin A: RBC agglut. 
4 4+ 
1+ 
128 4+ 
4+ 
4+ 
4+ 


Speciinen 
Preexchange 
Postexchange 
Postexchange 
Postexchange 
Postexchange 
Postexchange 


TasLe 5.—Adsorption Experiments with Patient's Serum Using a Panel of Albwanin-Suspended 


Red Blood Cells 


O RBC Used Agglutinated Agglutinated 
in Panel, No RBC Specimens RBC Specimens 
Type of Blood ‘Tested Against Prior to Following Specificity of 

Used for Adsorption Adsorbed Serum Adsorption, No Adsorption, No Agglutinin 
Ae eeDE (Rhe) (patient's 
© CCDee (Rhi Rhy) RS mS 
© ceddee (Rh) 39 ot) 


RBC) 39 30 (100%) 39 (100% ) 
st (58%) ° ° 
28 (72%) Anti-¢ 


albumin-suspended cells. Thus, the bloods utilized for transfusion were those which showed the 
weakest reactions in albumin diluent. All of these bloods were obtained from Group O donors. 


The immediate clinical and laboratory responses to the exchange procedure are listed briefly 


in Table 3. Peripheral pulses became slower and stronger, color was considerably improved, 
volume of packed red cells was markedly increased, and no hemoglobin was detectable in the 
serum hemolysis were all 


urine. Autohemagglutination, serum antibodies, and evidences of 
diminished. Efficacy of the exchange was illustrated by the change in blood group from A to O. 
Although the antibody titers were considerably reduced immediately following the exchange 
procedure, all values subsequently increased one to three weeks thereafter. Nevertheless, the 
serum titers obtained a few weeks before death were quite low, despite the persistence of severe 


autohemagglutination (Table 4). 
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Evidence presented in Tables 5 and 6 indicates the existence of anti-C (Rh’) and an additional 
atypical isohemagglutinin of the incomplete or “blocking” variety in the patient's serum speci 
mens. The panel of red cells used for adsorption in this experiment included the patient's A 
ccDE (Rh:z) cells, and those of OCCDee (RhiRhi), OCceddee (Rh’'rh) and Oceddee (Rh—) 
specificities. Multiple adsorptions were carried out using five-times-washed concentrated red 
cells; two parts of the serum to be adsorbed were added to one part of concentrated cells. 
Incubation was at 37 C. for a period of one hour, during which time the contents of the tubes 
were agitated. The supernatants were removed following centrifugation. These were tested 
against a panel of albumin-suspended red cells. Although adsorption of the patient's serum 
with her own cells resulted in no alteration of the agglutinative pattern (100%), adsorption 
with OCCDee cells produced a serum which agglutinated 58% of 88 cells tested and Occddee 
adsorbed serum produced a 72% incidence of agglutination in a panel of 39 random cell samples 
rhe results are presented in Table 5. 

The cross reactions of unadsorbed serum and of serum specimens adsorbed with CC Dee 
(RhiRh,), OCddee (Rh’rh), and Oceddee (rh rh) red cells against samples of the corresponding 
albumin-suspended cells were then determined. The results are summarized in Table 6. Unad 
sorbed serum agglutinated the three different cell specimens. However, Occddee-adsorbed 


serum agglutinated only the OCCDee and OCecddee cells, and when it was tested against 


Taste 6.—Cross Adsorption and Isoagglutination Expertments with Patient’s Serum 
Illustrating Existence of Incomplete Anti-C Antibody 
and Another Separate Isohemagglutinin 


Avglutinative Reactions of Patient's Adsorbed and 
Unadsorbed Serum 
Type of Red Cell Specimen Used tor Adsorption 


Type of Red Cel! Specimen Used O CC Dee O Ceddee O ceddee ct Pn 
for Cross Mateh (Rhi Rh: (Rh rh) (rhrh) Serum) 
OCCDee (RhiRhi) . 9 0 44 444 
© Ceddee (Rh'rh) r4 0 44 44 
© ceddee (rhrh) 44 14 0 44 


* Reactions of patient's serum are in 300 bovine-albumin-suspended red blood cells 
additional red cells of OccDE specificity, no agglutination occurred. OCCDee-adsorbed serum 
agglutinated OCcddee and Occddee cells, and OCcddee-adsorbed serum demonstrated only weak 
agglutination against Occddee cells from one donor but produced negative results against a panel 
of 12 additional blood specimens containing C or c, and d 
COMMENT 


The occurrence of transfusion reactions and of atypical hemagglutinins in lupus 


erythematosus has been previously cited, although the etiological relationships of 


reactions to agglutinin formation in certain instances have not been entirely clear. 
Jones? described a case of transfusion incompatibility in which lupus erythematosus 
was accompanied by a hemolytic anemia and a fluctuating titer of cold hemagglu- 
tinins. Aegerter and Long * studied nine cases of disseminated lupus erythematosus, 
in two of which severe autohemagglutination developed. In three cases there 
occurred transfusion reactions which could not be attributed to mistyping or the Rh 


factors. Young * has commented on the occasional apparently spontaneous occur 
2. Jones, H. W.: Irmunologic Changes in Lupus Erythematosus Disseminata, read before 
the American Association of Blood Banks, Seattle, Wash., 1949. 
3. Aegerter, EK. E., and Long, J. H.: The Collagen Diseases, Am. J. M. Sc. 218:324, 1949. 


4. Young, L.. E.: Personal communication to the senior author. 
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rence of warm autohemagglutinins and “chronic hemolytic anemia with erythrocyte 
hound antibody” in patients with underlying collagen disease. Baldwin ° described 
the formation of anti-Rh antibodies accompanied by intravascular hemolysis in an 
Rh-negative patient with acute disseminated lupus erythematosus given. trans- 
fusions. 

Occasionally bizarre serological patterns have occurred subsequent to trans- 
fusion incompatibility. Callender and Race“ made extensive serological studies in 
an anemic patient with lupus erythematosus diffusus previously given transfusions 
and found five atypical antibody components, three of which had been hitherto 
undecribed. Sanger and Brown? reported the occurrence of anti-Kell antibody in 
a patient with lupus erythematosus given transfusions. More recently, Waller and 
Race * studied the serum of a patient with undiagnosed collagen disease who had 
received many transfusions. The following blood group antibodies were found: 
anti-A:, anti-M, anti-S, anti-C, anti-l, and anti-Fy". 

In this case hemolytic anemia apparently developed as the result of atypical 
antibody formation subsequent to transfusion incompatibility. Of particular interest 
was the unusual degree of reactivity to the comparatively weak blood group 
antigens C and A,, against which the corresponding antibodies were formed in 
the course of 10 closely spaced transfusions. The occurrence of anti-C and A, 
antibodies as the result of blood group incompatibility has been previously 
described.” The third isohemagglutinin in this case could not be positively identified. 
However, the agglutinative pattern following absorption with OCCDee red cells 
resembled that of anti-d (Hro) antibody, although multiple absorption with 
OCeddee red cells did not entirely remove the reactivity for Occddee cells. 
Further confirmatory studies were rendered difficult because of limited amounts 
of sera and the ultimate death of the patient. Of interest in this patient was the 


relatively high albumin titer against (ORh— red cells which developed one week 


following exchange transfusion (Table 4). 

The demonstrable presence of three atypical hemagglutinins provided a basis for 

the serological pattern of panagglutination and autohemagglutination. Adsorption 
Ee 

5. Baldwin, G. B.: Acute Disseminated Lupus Erythematosus, with Report of a Fatal Case, 
M. J. Australia 2:11, 1945. 

6. Callender, S. T., and Race, R. R.: Serological and Genetical Study of Multiple Antibodies 
Formed in Response to Blood Transfusion by Patient with Lupus Erythematosus Diffusus, Ann. 
Eugenics 13:102, 1946. 

7. Sanger, R., and Brown, I.: Unpublished data, cited in Race, R. R., and Sanger, R.: 
Blood Groups in Man, Oxford, England, Basil Blackwell & Mott, Ltd., 1950 

8. Waller, R. K., and Race, R. R.: Six Blood-Group Antibodies in the Serum of a Trans- 
fused Patient, Brit. M. J. 2:225, 1951. 

9. Levine, P.; Burnham, L.; Katzin, E. M., and Vogel, P.: The Role of Iso-[mmunization 
in the Pathogenesis of Erythroblastosis Fetalis, Am. J. Obst. & Gynec. 42:925, 1941. Waller, 
R. K.; Levine, P., and Garrow, I.: A Case of Erythroblastosis Caused by the Immunization of 
an Rh-Positive Mother by the Rh Factor, Am. J. Clin. Path. 14:577, 1944. Landsteiner, K.; 
Wiener, A. S., and Matson, G. A.: Distribution of the Rh Factor in American Indians, J. Exper. 
Med. 76:73, 1942. Taylor, G. L., and Race, R. R.: Human Blood Groups, Brit. M. Bull. 2:160, 
1944. Wiener, A. S.: Hemolytic Reactions Following Transfusions of Blood of a Homologous 
Group: Further Observations on the Role of Property Rh, Particularly in Cases Without 
Demonstrable Isoantibodies, Arch. Path. 32:227, 1941. Young, L. E.: Studies of Subgroups of 
Blood Groups A and AB: Active and Passive Acquisition of Alpha; (¢,) Agglutinins by A 
Patients as Result of Blood Transfusion, J. Immunol. 51:101, 1945 
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and isoagglutination studies (Tables 5 and 6) suggested that the phenomenon of 
panagglutination in serum- and albumin-suspended red cells was stimulated by the 
overlapping agglutinative patterns of anti-C and the other incompletely identified 
isohemagglutinin. As Ashby studies were not performed on the blood of this 
patient, the cause of her autohemagglutination was not definitely ascertained, The 
most logical explanation is that some transfused donor cells were agglutinated intra 
vascularly. This circumstance seemed inevitable, because the patient's seruni 
reacted in cross matching with all tested donor cells which were suspended in albu 
mun diluent 

Previous studies '" have shown that antibody formation to a relatively wide spec 
trum of blood group antigens may occur subsequent to whole blood transfusions, 
frequently in association with a disease entity such as lupus erythematosus, osteo 
sclerosis, or Banti’s disease. The question has been raised as to whether an abnor 
mal responsiveness to certain antigens is produced in conjunction with these and 
other illnesses. It is of interest that collagen disease may affect all derivatives of 
primitive mesenchyme. Thus it has been postulated * that a number of related tissue 
types are affected, including those responsible for the immune reaction. The brisk 
immune response to otherwise weak antigenic stimuli, accompanied occasionally by 
intravascular hemolysis, may therefore represent an injurious effect of the disease, 
lupus erythematosus. 

The therapeutic procedure of exchange transfusion in this patient was suggested 
by the presence of severe anemia, intravascular hemolysis, and renal insufficiency 
Although the method has been used frequently in the treatment of erythroblasto 
sis fetalis,"' it has rarely been applied to the problems of hemolysis and its sequelae 
in the adult. Bessis '* described its use in 190 cases, which included acute anuric 


nephritis, lipoid nephrosis, severe icterus, and acute hypertensive nephritis. Con- 


ley '* reported one case of replacement transfusion following the administration of 


incompatible blood. This was attended by a successful outcome, which included 
relief of oliguria, proteinuria, and hemoglobinuria. The immediate results of 
exchange transfusion in the present patient were encouraging in view of the 
fact that intravascular hemolysis was diminished, the degree of renal insufficiency 
was lessened, and the titers of serum antibodies were decreased. However, the 
bizarre serological pattern precluded the use of compatible bloods for trans 
fusions, as was evidenced by a sharp rise in serum “blocking” antibody titers one 
to three weeks subsequent to the replacement transfusion. In addition, the clinical 
picture was complicated by persistence of the underlying disease. 
en 

10. Collins, J. O.; Sanger, R.; Allen, F. H., Jr., and Race, R. R.: Nine Blood-Group Anti 
bodies in a Single Serum After Multiple Transfusions, Brit. M. J. 2:1297, 1950. Malone, R. HL, 
and Cowen, J.: Multiple Antibody Response to Repeated Transfusions, ibid. 1:1299, 1950 

11. Wiener, A. S., and Wexler, I. B.: Results of Therapy of Erythroblastosis with Exchange 
Transfusion, Blood 4:1, 1949. Wallerstein, H.: Substitution Transfusion: New Treatment for 
Severe Erythroblastosis Fetalis, Am. J. Dis. Child. 73:19, 1947. Mollison, P. L.., and Cutbush, 
M.: Exchange Transfusion in Hemolytic Disease of the Newborn, Lancet 2:522, 1948. Allen, 
F. H., Jr.; Diamond, L. K., and Watrous, J. B., Jr: Erythroblastosis Fetalis: V. The Value of 
Blood from Female Donors for Exchange Transfusion, New England J. Med. 241:799, 1949 

12. Bessis, M.: The Use of Replacement Transfusion in Diseases Other than Hemolytic 
Disease of the Newborn, Blood 4:324, 1949 

13. Conley, J. E.; Erbes, J.; Stoddard, F. J., and Frye, J. W Replacement Transfusion 
Following Administration of Incompatible Blood: Report of Case with Successful Outcome 


Am. J. Clin. Path. 19:1131, 1949 
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SUMMARY 


The case of a patient with acquired hemolytic anemia and acute disseminated 
lupus erythematosus is reported, During the course of multiple whole blood trans- 
fusiom therapy the patient developed three demonstrable atypical serum antibodies, 
anti-C, anti-A,, and another incompletely identified hemagglutinin, which appar- 
ently were the agents responsible for her hemolytic disease. Because of increasing 
intravascular hemolysis, anemia, and renal insufficiency, the patient was given an 
exchange transfusion, with immediate beneficial results. The ultimate picture was 
complicated by persistence of the underlying disease and the bizarre serological 


pattern, which largely precluded blood group compatibility in the course of sub 


sequent transfusions. Certain aspects of serological behavior in relation to this case 


are discussed. 


Hospital of the Rockefeller Institute for Medical Research. 





Obituaries 


REGINALD FiTZ, M.D. 
1885-1953 


Dr. Reginald Fitz, a member of the [ditorial Board of the ARCHIVES OF INTER 
NAL Mepictne since 1932, died at his home in Brookline, Mass., May 28, 1953 
His colleagues on the ArcHiveEs board knew him as a keen appraiser of scientifi 
accomplishment, whose judgments were always generous and tempered with par 
ticular friendliness for young authors. [lis lively interest in new medical knowledge 
never flagged. The biographical data quoted below from the pages of The Journal 
of the Amertcan Medical Association give evidence of the breadth of his medical 
interests and the energy with which he pursued them. The [editorial Board of the 
\RCHIVES joins the host of other colleagues of this distinguished and able physician 
in a deep sense of loss at his passing from the \merican medical scene 

“Dr. Fitz was born in Boston Keb, 28, 1885. He graduated from Harvard Uni 
versity, Cambridge, in 1906, and received his M.D. degree from Harvard Medical 
School in Boston in 1909, Early in his career he served on the staffs of the Massa 


chusetts General Hospital in Boston, Veter Bent Brigham Hospital in Boston, 


Johns Hopkins Hospital in Baltimore, and the Hospital of the Rockefeller Insti 
tute for Medical Research in New York. During World War II he became a major 
in the medical corps of the American [:xpeditionary Forces at Base Hospital no. 5 


in France. Hle was associated with the Mayo Clinic in Rochester, Minn., from 1920 
to 1922. In 1914-1915 he was a fellow in physiology at Harvard, where from 1922 
to 1936 he was associate professer of medicine, since 1936 lecturer in the history of 
medicine, since 1947 assistant dean, and since 1935 university marshall. In 1936 
Dr. Fitz was appointed Wade Professor of Medicine at Boston University School 
of Medicine and director of the Evans Memorial, serving until 1940, when he 
became clinical associate at the Thorndike Memorial Laboratory. In the American 
Medical Association, he was secretary of the Section on Practice of Medicine from 
1929 to 1932 and chairman in 1932-1933, member of its House of Delegates in 1935, 
1936, and 1939, and member of the Council on Medical Education and Hospitals 
from 1928 to 1949, For many years he was a member of the National Board of 
Medical Examiners and the American Board of Internal Medicine, of which he 
was chairman from 1944 to 1946. He was a member of the board of regents of the 
American College of Physicians, serving as vice-president in 1947-1948 and presi 
dent in 1949-1950; past president and from 1930 to 1940 chairman of the committee 
on medical education diplomas, Massachusetts Medical Society; past president of 
the Suffolk District Medical Society; member of the Massachusetts Heart Associ 
ation, American Society for Clinical Investigation, American Association for the 
History of Medicine, Boston Tuberculosis Association, of which he was past presi 
dent, Medical Library Association, Special Library Association, .\merican Academy 
of Arts and Sciences, and the Colonial Society of Massachusetts. He was a member 
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\rmy Medical Library in Washington, 


of the board of honorary consultants to the 
a medical adviser to the Boston metropolitan chapter of the American Red 


Dp < 
Cross, and trustee and president of the l’erkins Institute for the lind, and trustee 


f the Brooklitie Public Library, Wellesley College, and Boston Medical Library, 


REGINALD FITZ, M.D. 
1885-1953 


of which he was vice-president. From 1940 to 1947 he was chairman of the Selec- 
tive Service medical advisory board in Boston. In 1943 he received the honorary 
degree of doctor of science from Western Reserve University in Cleveland and in 
1947 the honorary degree of doctor of laws from Hahnemann Medical College, 


Philadelphia.” 





News and Comment 


ANNOUNCEMENTS 


Symposium on Cardiovascular Physiology and Surgery.—-Under the auspices of th 
Minnesota Heart Association, the University of Minnesota will present a Symposium on Cardio 
vascular Physiology and Surgery next Sept. 14 to 16 in the Museum of Natural History 
\uditorium on the University Campus. A host of internationally known physiologists and 
vascular surgeons will participate. The symposium will be open, without tuition fee, to all phy 
sicians and to qualified investigators in the field of cardiac physiology. Housing accommodations 
will be available on the campus for out-of-town registrants who wish them. Further information 
may be obtained from the Director, Department of Continuation Medical Education, University 
of Minnesota Hospitals, Minneapolis 14 


Second International Congress of Cardiology.—JThe Second International Congress ot 
Cardiology will be held in Washington, D. C., Sept. 12-15, 1954. It will be immediately followed 
by the Annual Scientific Sessions of the American Heart Association, Sept. 16-18, 1954. The 
opening session will be held in the auditorium of Constitution Hall at 10:30 a. m. on Sunday, 
Sept. 12, 1954, with addresses of welcome. A reception will be given at the Mayflower Hotel 
at 5:00 p. m. on the same day for all members of the Congress and their families. A banquet 
will be held Sept. 15, 1954, at 7: 30 p. m 

The Scientific Sessions, lasting for three days, will include formal papers, panel discussions, 
clinical pathological conferences, and visits to important medical centers in Washington and 
Bethesda. The program will be printed in French, Spanish, and English. Immediate translation 
of some of the papers and discussions will be made in three languages 

A series of post-Congressional visits and conferences to at least 20 of the leading cardia 
clinics in different parts of the United States and Canada has been arranged by special com 


mittees of local heart associations in the various cities. 





Books 


Gynecology, Vol. I: Diseases and Minor Surgery. Compiled and edited by Robert J 
Lowrie, M.D. Price, $22.50. Pp. 852, with 580 illustrations (19 in color). Charles ¢ 
Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill, 1952. 


rhis first volume of “Gynecology” represents the work of 79 contributors who are well 
known in their respective fields. The material presented is in a clear, simple, and understandable 
style. All of the work is up to date, particularly the special chapter on medications. Little has 
been spared in the preparation of the excellent illustrations 

The major portion of this volume is devoted to diseases in gynecology; however, it also 
contains four special chapters—Medications, Special Aids to Diagnosis, Minor Gynecological 
Surgery, and Physical Therapy—which should be of paramount value to other physicians as 
well as to gynecologists 

This book should also have special appeal to the general practitioner because of its simplicity 
of presentation and ready availability of material. It is, furthermore, an excellent referenc 
book for medical students and hospital house staff 

Volume II, which has not been printed, is to be devoted to major and minor gynecological 
surgery 


Current Therapy—1953. Edited by Howard F. Conn, M.D. Price, $11.00. Pp. 835. W. B 
Saunders & Co., 218 W. Washington Sq., Philadelphia 5; 7 Grape St., Shaftesbury Ave., 
London, W.C. 2, 1953 


\ total of 383 authors contributed articles to the 1953 edition of “Current Therapy,” edited 
by Howard F. Conn, M.D. The book is divided into 16 sections, which encompass all of the 
major systems and include sections devoted to the infectious diseases, venereal diseases, allergic 
diseases, obstetrics, and diseases due to physical and chemical agents. The 16th section consists 
of a roster of all current useful drugs and dosages and a complete author and subject index 
The book is excellently laid out, making it possible to locate any disease entity in a minimum 
amount of time 

Where controversy or several different forms of therapy exist, as many as three authors 
have written about one disease. Surgical procedures and techniques are not included. The book 
is practical, very much up to date, and beautifully bound and should prove a valuable addition to 
the library of the student and practitioner alike 


Hypnosis in Modern Medicine. [sy Jerome M. Schneck, M.D. Price, $7.50. Pp. 323 
Charles C Thomas, Publisher, 351 


327 EK. Lawrence Ave., Springfield, IIL, 1953. 


Kleven contributors have combined to produce a book of great interest. The first chapter, 
by George Rosen, on the history of medical hypnosis is alone, so to speak, “worth the price of 
admission.” Other sections follow on hypnosis in internal medicine, in surgery, in dermatology, 
in Obstetrics, etc. The concluding chapters on physiological aspects of hypnosis and instruction 
in hypnosis do not actually teach the novice how to proceed, and one gathers that, just as with 
Mesmer in 1775, the actual practice of hypnosis is still an art which must be learned by appren 
ticeship and by seeing the master in action. The reviewer feels it is safer for him to pass no 
judgment on the opinions expressed, but the book cannot fail to be useful and certainly a job of 
great value has been done in assembling the material 


Chere are comprehensive bibliographies at the end of each chapter 


Clinical Diagnosis by Laboratory Methods. Hy |. ©. Todd, A. H. Sanford, and B. B 
Wells. Price, $8.50. Pp. 998, with 946 illustrations. W. B. Saunders Company, 218 W 
Washington Sq., Philadelphia 5; 7 Grape St, Shaftesbury Ave., London, W.C. 2, 1953 
Phis 12th edition of “Clinical Diagnosis by Laboratory Methods” contains essentially the 


same material as the 11th edition, with certain minor changes and revisions to bring it up to date 
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As usual, it is a complete reference for all laboratory work. There are numerous illustrations, 
many of them colored, and numerous tables. All in all, it is an excellent useful reference book 


for the laboratory. Old friends ,will receive the new edition with enthusiasm, and new users 


of this well-established text will find it completely satisfactory 


The Medical Clinics of North America: Nationwide Number. By 26 authors. Price, 


not given. Pp. 627. W. B. Saunders Company, 218 W. Washington Sq., Philadelphia 5; 
7 Grape St., Shaftesbury Ave., London, W.C. 2, 1953 


This number is a symposium on nervous and mental diseases. Subjects included are acute 
anterior poliomyelitis, treatment of chronic alcoholics, neurological aspects of sciatica, virus 
encephalomyelitides, rickettsial involvement of the nervous system, acute purulent meningitis, 
and many others, totaling 20 chapters. As usual, all subjects are excellently covered, making 
this a useful reference book. 


Chemical Induction of Cancer. By George Wolf, B.Sc., D. Phil., Assistant Professor, Uni 
versity of Ilineis. Price, $3.50. Pp. 250. Harvard University Press, Cambridge 38, Mass., 
1952. 


This little volume of 250 pages is a very readable account of the development of and our 
present concepts of the chemistry of experimental cancer. It is comprehensive in its scope, and, 
as Alexander Haddow states in his foreword, there is a “strong demand for some authoritativ: 
description of developments which would be of value te the general medical and scientific reader 
and to the interested layman.” This book serves, indeed, the needs of the general medical and 
scientific reader, but the layman, unfamiliar with terminology and techniques, may become 
ensnared in hydrogen chains or alicyclic rings essential to the portrayal of the chemical structure 
of the known carcinogenic compounds 

The author gives comprehensive consideration to the polycyclic hydrocarbons and their hetere 
cyclic analogues and to the sterols and bile acid compounds, all of which are known to be 
tumorigenic. Changes in the biologic activity of a given carcinogen, induced by a substitution 
in the phenanthrene ring system of certain methyl groups, or even shifts in the methyl group 
from Position 9 to Position & are all points of interest to the chemist engaged in the induction 
of tumors. 

To the pathologist, the chapter on the biologic aspects of tumor induction sets forth in a 
readable way the response to a given carcinogen by the organism. The types of tumors induced, 
the morphologic and pathologic changes incited, the factors of sex and age, the genetic con 
stitution, and the influence of diet upon tumorigenesis are of interest to the general reader as 
well. As to the uninitiated, the author's consideration of the techniques employed, the manner 
and site of injection, the medium of implantation of a carcinogen whether in fluid or pellet 
form, and the type of solvent to use so as not to modify the biologic activity of the carcinogen 
itself provides most helpful reading. 

Modes of action of injected carcinogens in inciting biologic reactions within an organism 
remain conjectural. But in the chapter devoted to these considerations the experimental 
oncologist has readily available current opinions on the absorption of the hydrocarbon molecule 
by the cell, the changes exerted upon the permeability of the cell membrane, and alterations 
within the cytoplasm of the cell wherein reactions with protein constitutents result: in’ the 
production of cells with altered growth characteristics and modified genetic constitutions 

Consideration is given, too, to the biogenetic relationships which may determine the produc 
tion of spontaneous cancer. Evidence throughout the literature for the production within the 
organism of intrinsic carcinogens which may incite tumor growth either in situ or in distal 
areas is reviewed. QOpinions concerning the conversion of bile acids to methylcholanthrene 
within the organism; the transformation of cholesterol, which is structurally related to the 
polycyclic hydrocarbons, into carcinogenic compounds ; changes in oils incited by the preparation 
of foods, and the potential carcinogenic action of the various estrogens are reviewed. Con- 
clusions are reached that until such hydrocarbons are isolated from the body tissues or fluids 
any such conversion theory of biogenesis of cancer must remain open to question. “In vivo” 


synthesis of such carcinogens has not been demonstrated 
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The author's consideration of the metabolism of the carcinogenic substances when introduced 
into an organism, their rapid destruction or their prolonged or delayed elimination, and the 
influences exerted by their metabolites per se indicates clearly the need for more extensive 
studies at this level. This readable book on the induction*of experimental tumors terminates 


with a pictorial review of the various carcinogenic azo compounds and the aromatic amines 


and their derivatives. 


Influenza, and other Virus Infections of the Respiratory Tract. By C. H. Stuart-Harris, 
M.D. Price, $6.00. Pp. 234. Edward Arnold & Co., 41-43 Maddox St., London, W.1, 1953. 


This excellent monograph by a first-rate authority in the field covers all aspects of virus 
respiratory tract infection. The development of the subject is discussed in interesting fashion, 
and all the modern methods of virus study are gone into. The book is well printed and illus 


trated, and there are bibliographies after each chapter 


Medical Clinics of North America: Symposium from Chicago on Gastrointestinal 
Diseases. Price, not given. Pp. 293, with 23 illustrations. W. B. Saunders Company, 
218 W. Washington Sq., Philadelphia 5; 7 Grape St., Shaftesbury Ave., London, W.C. 2, 


This book comprises 19 separate monographs. It is relatively small in size for the vast 
amount of informative material it contains. As stated in the foreword, by N. C. Gilbert, M.D., 
it is of daily value for the general practitioner but with material cf interest to the specialist in 
medicine and surgery 

I. The gastrointestinal tract proper is appropriately introduced by a chapter on functional 
disorders by Walter C. Alvarez, M.D. The examining physician will be alerted by the patient’s 
presenting complaint as to the possible etiology, and then, if organic cause is ruled out, he can 
profitably return to this section for ideas on successful treatment 

The management of massive gastric hemorrhage (by Stuyvesant Butler, M.D.) and of 
peptic ulcer (by Frank C. Valdez, M.D.) are in each case the currently accepted conservative 
medical management with many additional suggestions 

Gastritis (by M. A. Spellberg, M.D. and Lester Baker, M.D.) is an interesting subject, littl 
discussed. The diagnosis is made by gastroscopy 

If. The Liver. In all three monographs devoted to hepatic disease, liver function tests, 
ascites, and edema are discussed. The general classification cf cirrhosis (Donald H. Atlas, 
M.D., and Martin M. Kirshen, M.D.) is a simple etiological and morphological one and is a 
good one to use. Present-day concepts of the important role the liver may play in anoxia, shock, 
and hormone and cholesterol and alkaline phosphatase metabolism are found in the chapter by 
Dr. Smith Freeman on the physiology and biochemistry of the liver. 

III. Gallbladder. Three monographs are devoted to the gallbladder and should be read as 
a unit. Dr. Harry FE. Mock, Jr., in “Postcholecystectomy Syndrome,” stresses the important 
concept that a diseased gallbladder is but one manifestation cf some organic or functional disturb- 
ance of the entire biliary tract. The discussions on biliary tract syndromes (George F. O’Brien, 
M.D., and Irvin L. Schweitzer, M.D.) and cholecystitis and cholelithiasis (Edmund F. Foley, 
M.D.) help to clarify the entire subject of cholecystic disease 

IV. In “Diseases of the Spleen,” by George V. LeRoy, M.D., the newest concepts of hyper 
splenism and congestive splenomegaly are presented with attention to the dynamic aspects of 
cytopenic states and immunological reactions involving the formed elements of the blood. Indi- 
cations and contraindications for splenectomy are correlated to these ideas. 

Papers on the acute diseases of the abdomen and on ulcerative colitis complete the volume 


This compact volume will add a great deal to your knowledge of gastrointestinal diseases. 








Excess neural stimulation over the parasympathetic subdivision plays an 
important role in such clinical conditions as peptic ulcer, certain forms of gas- 
tritis, pylorospasm, pancreatitis, spastic colon, bladder spasm and hyperhidrosis. 


The Standard of Therapy in Peptic Ulcer 


Banthine’ Bromide (brand of methantheline bromide) is a true anti- 


cholinergic which inhibits parasympathetic stimuli, acting selectively on the 


gastrointestinal and genitourinary systems. It exerts little or no influence on 


the normal cardiovascular system. Banthine is supplied in oral @geeee 
"| (J 


Je 
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and parenteral dosage forms. is 
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RESEARCH IN THE SERVICE OF MEDICINE S E A R L E 








SEX EDUCATION BOOKLETS . 


+ TMOUESTIONS A Series of Five Modern Booklets 


QUEST 
For parents of little children 
Wholesome home life, char FOR YOUNG PEOPLE » 
acter training and accurate : tt 
answers to first sex questions by Thurman B. Rice, M.D. 
are fundamental 


* THE STORY OF LIFE Written by Dr. Rice, physician, 


For boys and girls, ten years — public health official, teacher and 
of age, telling them how the ‘ a 
young come to plants, ani- father. Frank, but not sensa- 


mals, and human parents 


* IN TRAINING 
For boys of high school age, 
interpreting their adolescent — principles are maintained. These {@ 
development in terms of ath- 4 
letic and other achievements 


* HOW LIFE GOES ON parents, then given children! 


For girls of high school age according to age Attractively ‘ 

Their role as mothers of the ; . 

men of tomorrow printed. 

* THE AGE OF ROMANCE - — — _——_—— =—_ 
For young men and women, 25¢ each. Complete set of five in special filing case, $1.25. 


dealing with the problem as Heavy paper covers. Illustrated. 
a unit for both sexes AMERICAN MEDICAL ASSOCIATION, 535 N. Dearborn, Chicago 10 


tional. Progressive viewpoints 
i 


stressed, while fundamental 


pamphlets may first be read by 











ANNOUNCEMENTS 

BOOKKEEPING SYSTEMS 

PATIENTS’ RECORDS 

LETTERHEADS 

ENVELOPES 

PROFESSIONAL CARDS 
s FILES AND SUPPLIES 


' — 
For 25 years, the trade mark HISTACOUNTs has symbolized Ameri- 
lint einen ca’s largest printer cateting exclusively to the-Medical profession. 
CATALOGUE HISTACOUNT® stands for ‘highest quality at low prices, with an un- 
SENT ON REQUEST a8 i ; ® 
conditional money-back guaragtee on every item. 


IPROFESSIONAL PRINTING COMPANY, INC. 
1202-208 TILLARY STREET BROOKLYN 1, N 








Gentlemen: Send literature and samples of “Histacount” Record Forms. 





[] Stationery Products 

: “e w (] Bookkeeping Systems 

that are checked at right... (J Files & Filing ‘Supplies 
ATTACH THIS COUPON TO YOUR LETTERHEAD OR RX BLANK H—2-3 
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| 
| 
! 


I 
| 
| 
| Also send literature on the items 
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EVERYTHING FOR YOUR OFFICE WITHOUT LEAVING YOUR DESK 





Note the Nutrient Content 
of Oranges Eaten Whole 


Ware orange juice is a delightful and efficient method of 
obtaining the daily vitamin C quota, oranges eaten whole 
provide more generously of the many nutritional factors 
found in the fruit. 


The chart below will serve to demonstrate. Compare, 
for example, the relative contents of protopectins, of the 
carotenes, and of the flavonoids. In each case, the whole 
fruit contributes greater quantities. With inositol and 
many other components too, the whole fruit contains them 
more generously. 

A whole orange a day is a healthful habit, not only be- 
cause of the vitamin C contribution it makes, but also 
because of the greater intake of the other nutritional fac- 
tors mentioned. 

Sunkist Growers ¢ Los Angeles 54, California 


Sunkist 


Cu hiforn ta =e Greia wa Cranges 
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oor 8.0 Gm.| 1.0 6m] 05 6m. | 50.0.mg.| 1.0mg. | 10mg. | 0.2 mg. | 01mg. | 05mg. | 0.5 mg. | 0.2 me. 1.0 6m. 


—— 9.2 Gm. | 0.1 Gm. | 0.4 Gm. | 11.6 mg. | 0.25 mg. | 0.16 mg. | 6.086 mg. | 0.032 mg. | 6.240 mg. | 0.210 mg. | 0.080 mg. | 200.0 mg. | 57.0 mg. | 0.1 Gm. 


Approximate Typical Analyses of Edible Portion and Strained Juice of California Oranges. Amounts shown are per 100 Gm. of fresh weight. 



























































A drug of choice in tuberculosis 


As therapeutically active as streptomycin, CRYSTALLINE DiHYDROSTREPTOMYCIN 
SULFATE MERCK is less toxic to the vestibular apparatus, minimizes pain and 
swelling on injection, and may be used even in some patients allergic to 
streptomycin. 

This preferred product is available in dry powder form and in convenient 
ready-to-inject form as SOLUTION OF CRYSTALLINE DIHY DROSTREPTOMYCIN 
SULFATE MERCK. 

PARA-AMINOSALICYLIC ACID MERCK (PAS), when used in combination with 
CRYSTALLINE DIHYDROSTREPTOMYCIN SULFATE MERCK, prolongs the effective 
period of antibiotic therapy by inhibiting or delaying the development of 
bacterial resistance. 


Crystalline Dihydrostreptomycin 
Sulfate Merck 


MERCK & CoO., Inc. 


Research and Production | Mocijiaturty Clinntan 





for the Nation’s Health 1KE7 RAHWAY, NEW JERSEY 
~ fm Canada: MERCK & CO. Limited—Montreat 
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A drug of choice for long term oral treatment of 
hypertension... found effective in 81% of patients 


Lower blood pressure has been obtained 
in 81° of moderate and severe hyperten- 
sives treated with hexamethonium chloride 
(available as Methium) under general- 
practice conditions.’ In 60%, of these pa- 
tients lower pressures continued for 4 to 
16 months of the study. 


Also, as pressure is reduced, improvement 
is almost universally seen in eye and heart 
symptoms, headache, vertigo, dyspnea, 
etc.’°® In some cases even where pressure 
fails to respond, symptoms may nonethe- 
less abate.*"” 


Methium, a potent autonomic ganglionic 
blocking agent, reduces blood pressure by 


interrupting nerve impulses responsibie 
for vasoconstriction. Because of its potency, 
careful use is required. Pre-treatment 
patient-evaluation should be thorough. 
Special care is needed in impaired renal 
function, coronary artery disease and exist- 
ing or threatened cerebral vascular acci- 
dents. A booklet of complete instructions 
for prescribing is available and should be 
consulted prior to initiating therapy. 
Moyer, J. H., et al.: Am. J. M. Sc. 225:379 ( April) 
1953 
». Mills, L. C., amd Moyer, J. H.: A.M.A. Arch. Ine, 
Med. 90:587_ (Nov.) 1952 
. Frankel, E.: Lancet 1:408 (Feb. 17) 1951 
. Johnson, L., et al.: Texas Seate J. M. 48:4331 
(June) 1952 
. Council on Pharmacy and Chemistry: J.A.M.A 
151:385 (Jan. 31) 2 
Grimson, K. S., et al.: J 149.215 (May 


) 1952 
. Turner, R.: Lancet 1:1217 (June 2) 1951. 
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WARNER-CHILCOTT 
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Habit Time of bowel movement 
is easily secured by proper use of Petrogalar. Normal 
bowel movements, once achieved, are easily maintained— 


even though dosage of Petrogalar is slowly tapered off. 


PETROGALAR’ pygz 


Aqueous Suspension of Mineral Oil 














Philadelphia2, Pa 
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AMEBIASIS: 
litestinal and Extra—Lvtestinal 


Amebiasis may be asymptomatic or may produce symptoms indicating 
low grade infection, inflammatory colonic disease with or without diar- 
rhea, or symptoms resembling appendicitis, gallbladder disease, or 
peptic ulcer.! 


“Frequently an unrecognized hepatitis 

coexists with intestinal amebiasis.”’? 
For complete treatment of amebiasis, combined therapy with Milibis® 
and Aralen® is highly recommended. 


® Intestinal amebic infestation 
MELIBIS 


—a powerful amebicide, virtually nontoxic and highly effective clinically. 
Its relative insolubility assures high concentration in the large intestine. 
Supplied: 0.5 Gm. tablets — bottles of 25 and 500. 


@ Extia-intestinal amebiasis 
ARAL E WNW puospuate 


— “specific for amebic hepatitis and amebic liver abscess.’ As effective 
as emetine but without its toxicity.’ 
Supplied: 0.25 Gm. tablets — bottles of 100 and 1000. 


WINTHROP-STEARNS INC. 
New York 18, N.Y. e Windsor, Ont. 


Milibis and Aralen, trademarks reg. U. S. Pat. Off 
brand of bismuth glycolylarsanilate and chloroquine, respectively 


1. Sodeman, W. A., and Beaver, P. C.: Am. Jour. Med., 12:440, Apr., 1952 
2. Zavala, D. C., and Hamilton, H. E.: Ann. Int. Med., 36:110, Jan., 1952 | 
Conan, N. J.: Am. Jour. Med., 6:309, Mar., 1949 < \\ / 
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Pyribenzamrmine” 


hydrochloride 
(tripelennamine hydrochloride Ciba) 


Once atop Pike’s Peak, your hay fever patient can enjoy freedom from pollens. 
But for patients who must remain in a high-pollen environment, you can insti- 
tute this effective therapy: one or two Pyribenzamine tablets, 3 or 4 times daily. 
Alone and as an adjunct to desensitization, Pyribenzamine has proved effective 
in relieving hay fever symptoms, as evidenced by thousands of published case 
reports. On the basis of this evidence, no other antihistamine combines greater 
clinical benefit with greater freedom from side effects. 

For your prescription needs, Pyribenzamine 50 mg. tablets are available in 
bottles of 100 and 1000 at all pharmacies. 


Otba Ciba Pharmaceutical Products, Inc., Summit, N. J. 





